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Pre-Silurian.—In the more recent accounts of the history of 
New Zealand it has been customary to consider as of Pre-Cambrian 
age the complex of gneisses and associated metamorphic rocks in 
the southwestern extremity, but the evidence for so doing is not 
yet conclusive, and various authors have referred the plutonic 
gneisses therein to different periods, extending as late as the Creta- 
ceous. It would appear that the more probable hypotheses could be 
limited to two. 

The first definite point lies in the proved existence of Lower 
Ordovician rocks in the extreme northwest and southwest of the 
South Island (Fig. 1).? These graptolitic slates are associated 

t This outline is based on the writer’s presidential address delivered to the geo- 
logical section of the Australasian Association for the Advancement of Science in 

21. For detailed discussion of the most recent work, with full bibliography, reference 
may be had to this address. Earlier extensive accounts have been given by Marshall 
(“New Zealand and the Adjacent Islands,” Steinmann’s Handbuch der regionalen 
Geologie, Bd. VII, Abt. 1, 1912), and Park (The Geology of New Zealand, Whitcombe 
and Tombs, 19 

2 The map herewith (Fig. 1) has been based upon one recently issued by the 
Geological Survey (see Vew Zealand Journal of Science and Technology, 1921) and 
also incorporated in the above-mentioned address, thanks to the generous permission 
of the director of the geological survey, Mr. P. G. Morgan. The present copy has 
been somewhat modified in accordance with the view favored herein concerning the 
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with limestones, graywackes, and quartzites and pass with appar- 
ently gradual transition into mica-schists, which are invaded 
by gneissic diorites. A narrow zone of such schistose rocks extends 
intermittently down the west coast of the island. In the southwest 
the gneissic diorites become dominant and are associated in one 
region with “‘granitic”’ gneisses. In addition, there are massive 
plutonic rocks, chiefly granites, occurring especially in the two 
extremities of the island and surrounded by zones of contact 
metamorphism, which is naturally more marked where the regional 
metamorphism is least pronounced. The first hypothesis is 
that adopted by the Geological Survey. The gneissic rocks and 
invaded schists are considered to be of pre-Ordovician, possibly 
pre-Cambrian age, and covered unconformably by the Ordovician 
sediments. No sharp line of separation has, however, been found 
between them, nor other evidence of difference of age, such as the 
inclusion of gneissic pebbles in the Ordovician rocks. The massive 
plutonic rocks are considered to be of much later date, and prob- 
ably later Paleozoic or even in part Mesozoic. 

The second hypothesis regards the more or less gneissic dioritic 
rocks as having invaded the Ordovician sediments in Paleozoic 
or possibly Mesozoic times, before or during the climax of an 
orogenic movement, while the intrusion of the massive plutonic 
rocks followed after that climax. Within the present year massive 
diorite has been found to invade Lower Triassic (?) annelid- 
bearing graywacke. In a variant of this hypothesis advocated by 
Park, the subordinate mass of “granitic”? gneiss is held to be 
intensely altered sedimentary rocks and regarded as probably 
pre-Ordovician, merging upward into Ordovician slates. The abun- 
dance of sillimanite in the gneiss accords with this view. Petro- 
graphical examination of the gneissic diorites on Grubenmann’s 
principles, first applied hereto by Speight, indicates that they form 
the core of a folded range, for structures characteristic of deep- 
seated metamorphism are found in the center of the massif, while 
those produced at lesser depths occur on either side. 

Bartrum has found that pebbles of similar metamorphic rocks 
are widely distributed in the Mesozoic and Cainozoic rocks of the 
North Island, suggesting the existence of an ancient Paleozoic 
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platform beneath the younger formations. Their occurrence 
also supports the hypothesis that the dioritic rocks are not younger 
than early Mesozoic. 

Silurian.—The fossiliferous Silurian strata are known in two 
localities only, both in the northwest of the South Island. They 
strike in a direction usually about north-northwest, the same as 
that of the Ordovician rocks, but their relation thereto is as yet 
unknown, nor are the conditions at all favorable for investigating 
this. In the northern of the two areas (Baton River) the rocks are 
calcareous argillites, but in the southern occurrence (Reefton) 
they are of more littoral and varied nature, with a consequent 
difference in faunal facies. Both faunas are apparently closely 
related to the Upper Silurian (Wenlock) faunas of Southeastern 
Australia, but have not yet been very critically examined. 

‘*Permo-Carboniferous” and Lower Mesozoic.—No further infor- 
mation is available until the close of the Paleozoic era, when com- 
menced the more nearly continuous portion of the stratigraphical 
record. The greater part of the mountainous country of New 
Zealand is made up of steeply folded and shattered argillites and 
graywackes, generally devoid of fossils. They contain, though 
rarely, lenticular masses of limestone, and also, especially in the 
upper portions intercalated plant beds. Widespread basic tuffs, 
etc., occur in the lower portion. On one higher horizon basalt flows 
are present. Numerous subdivisions and groupings have been 
proposed for this series, and Trechmann’s recent paleontological 
work, supported by that of Arber, Wilckens, and Boehm, seems 
to place on a firmer basis than formerly the division of the complex 
into a series of formations ranging from Permian to early Creta- 
ceous age. 

Permian.—The oldest fossiliferous rocks seem to rest conforma- 
bly on an extensive series of basic breccias, which are probably coeval 
with similar breccias which elsewhere rest unconformably on Silurian 
rocks. The fossiliferous beds, limestones, and argillites contain 
at one locality (near Nelson) a few poorly preserved shells and 
corals which have been compared with Eastern Australian Permo- 
Carboniferous (Permian) forms. Among these is a large, indefinite 
myalinid shell which was referred doubtfully to Inoceramus and 
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more recently to the Australian Permian form A phanaia, though 
probably both comparisons are erroneous. Fragments of this 
shell, however, are widespread throughout the South Island of New 
Zealand, and in default of better evidence may be used to indicate 
the extent of Permian rocks. These are succeeded by a great 
thickness of graywackes in which an annelid tube is almost the 
sole indication of organic life. Jaworski considers this form indica- 
tive of a Triassic age. It is perhaps remarkable that there are 
no traces of plant beds known among these rocks. Glossopleris 
does not occur in New Zealand, though a form occurring in Upper 
Triassic and Jurassic beds was for a time doubtfully referred to 
this genus. 

Triassic.—There is no clear evidence (beyond that mentioned 
above) of a great break, accompanied by plutonic intrusions, 
between the Permian and Triassic fossiliferous strata, though this 
has been assumed by some authorities. Probably, however, a 
regression of the sea occurred during Middle or Lower Triassic 
times, as in New Caledonia. The oldest fossiliferous Mesozoic 
sediments are referred to the close of the Middle Triassic, and are 
succeeded by fossiliferous Upper Triassic rocks, representatives 
of the three divisions of the Alpine-Himalayan Upper Trias, 
Carnic, Noric, and Rhaetic being recognizable, and each divisible 
into subzones. The fauna is Tethyan, with the interesting addi- 
tion of the circum-Pacific form Pseudomonotis ochotica. In general 
the succession of Upper Triassic faunal zones is very similar to 
that of New Caledonia. The local absence of well-marked horizons 
gives evidence of crust-warping during Upper Triassic times, and 
there is a notable development of basaltic tuffs and lavas among 
the Noric rocks. The alternation of graywackes and argillites, and 
intercalation therewith of plant beds or conglomerates, indicate 
that these sediments were formed on a continental shelf. The 
flora of the region, which has been studied by Arber, was similar 
to the contemporaneous Australian flora, but the total number of 
species known in the Mesozoic rocks of New Zealand is only about 
a quarter of those known in Australia. 

Jurassic and Early Cretaceous.—These general conditions of 
sedimentation were maintained during the Jurassic period, in 
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which, however, the plant-bearing beds became re'atively more 
abundant in the South Island, and thin coal seams occur. Lower 
(Liassic), Middle (Bajoccian), and Upper (Tithonian) Jurassic 
marine faunas are recognized, and a sequence of small floras also, 
but the detailed description of the first two has not yet appeared." 
There are also a series of sediments which are rather widespread 
in the east of the North Island, and are perhaps of early Cretaceous 
age, but may be in part Upper Jurassic. They contain Jnoceramus 
in some abundance. In the western side of the island, the Jurassic 
rocks are followed conformably by early Cretaceous (Neocomian) 
plant beds, containing two angiosperms. 

Orogeny.—The orogenic movement which succeeded this long- 
continued sedimentation reached its maximum in Lower Cretaceous 
time. The Mesozoic sediments were forced into broken or overturned 
folds, and zones of shattering were produced. The axis of such 
folding is for the most part approximately meridional and generally 
oblique to the much later warpings and fault-lines which determine 
the northeasterly trend of the present mountain system. Plutonic 
intrusions occurred in connection with this folding, among which 
are a series of masses of ultrabasic and basic rocks appearing at 
intervals from end to end of New Zealand. They are most note- 
worthy near Nelson in the north of the South Island, where is the 
type-locality of the rock dunite. The association of such intru- 
sions with fault-zones is sometimes clear. In addition to these 
are granites and syenites especially well developed in the northwest 
of the South Island, but it is as yet problematical how much of the 
more or less gneissic plutonic rocks of the southwestern region 
should be referred to this series of intrusions. Among the minor 
intrusions of this period are a restricted series of lamprophyric 
dikes, monchiquites, etc. 

Undetermined schists—We may here describe one of the most 
puzzling formations in New Zealand, a broad zone of mica-schists 
running to the southeast from the main mountain range, through 
the Otago province of the South Island. These have for the 
most part a very flat position, but dip to the southwest and north- 


*Trechmann and Spath have described this fauna since this paper was written. 


See Quart. Journ. Geol. Soc., 1921. 











east of the broad anticlinal axis, which 
reaches the sea near Dunedin. To these 
rocks all ages have been assigned from 
Archaean to Jurassic. They are not as- 
sociated with plutonic rocks, but may 
be traced outward from a central zone 
of maximum schistosity, through gradu- 
ally decreasing metamorphism into 
graywackes indistinguishable from the 
Ordovician or Lower Mesozoic gray- 
wackes. The Geological Survey and 
the majority of other authorities hold 
that the schists are ancient and must 
be separated by obscure disconformities 
from the Mesozoic rocks. Marshall 
considers the schist Mesozoic, and, after 
much hesitation, the writer inclines 
toward a modification of this view. In 
this it is suggested that the flat arch of 
metamorphic rocks is the base of a great 
series of recumbent folds of late Paleo- 
zoic and Lower Mesozoic rocks which 
were pressed against a resistant or con- 
tinental mass now concealed beneath 
the southern portion of the island. In 
the front of such a series of recumbent 
folds one would expect to find a sharp 
fourfold-wrinkle of the crust, beyond 
which the thrusting would die away in 
gentle undulations of the strata lying 
on the resistant mass. Within the 
overfolded areas, block-faulting might 
bring down the comparatively unmet- 
amorphosed rocks of the higher recum- 
bent folds into close apposition with 
the more schistose rocks of the lower 
folded sheets (Fig. 2). These expecta- 
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8 W. N. BENSON 
tions appear to be realized in some measure in the facts observed in 
field study. The microscopical structure of the schists is indicative 
of strong lateral thrust rather than static metamorphism, and an 
excellent series of gradational structures which link them with the 
graywackes has been obtained by Marshall. Moreover, the 
apparent absence from the graywackes of any material which seems 
to have been derived from the schists is a striking feature, con- 
sidering their close association. 

The *‘Notocene”’ Sediments.—The record of the later Cretaceous 
and Tertiary times has as elsewhere received diverse interpretations. 
The simplest among current views considers that the whole series 
is conformable throughout. Overlap on to an evenly subsiding 
but irregular surface accounts for the difference of age of the basal 
beds in different regions. The period of greatest submergence 
was the period when limestone was deposited, so that the lime- 
stones in all regions must be considered as of the same age. They 
are succeeded by beds of a clastic character, indicating the return of 
shallower conditions. On other hypotheses the whole group of 
formations is divided up into several unconformable series, but 
the ages assigned these series, and the horizons at which the uncon- 
formities were recognized, have been different in the statements 
of different writers, or at different times in the statements of one 
writer. While, therefore, there has been little dispute as to the 
succession of strata in any region, the history of the whole period 
throughout New Zealand has remained obscure. 

Two new conceptions have been advanced during the last 
decade. Thomson has suggested the existence of “‘diastrophic 
provinces,” i.e., regions throughout each of which the tectonic 
history has been the same, though differing from that of adjacent 
regions. On this hypothesis, the difference of age of basal beds 
depends on the overlap of formations on a subsiding uneven bed 
but also on the different periods at which subsidence commenced 
in the various provinces. The limestones are not necessarily 
coeval throughout New Zealand, but represent merely the rock 
formed at the time or times of maximum submergence in each 
particular province, for in some districts more than one horizon 
of limestone is present. So also the regression of the sea occurred 
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at different times, and the highest beds in one province may not be 
coeval with those in an adjacent province. There is no need to 
consider that any unconformities or disconformities of a general 
nature are present, though local breaks may occur. Thomson 
has, moreover, suggested the convenient term ‘“‘Notocene”’ (the 
“Southern New” formation) to indicate the whole group of sedi- 
ments laid down between the Lower Cretaceous orogenic period 
and that which, occurring possibly at the close of Pliocene time, 
ushered in the present physiographic cycle. 

The areal work of the officers of the Geological Survey has 
given rise to the second conception. Block-faulting and tilting 
of the crust, which was so extensive a process of the post-Notocene 








Fic. 3.—Diagram illustrating the conception of a general but deceptive conformity 


obscuring an erosion-interval in the deposition of ““Notocene” rocks. 


(Pleistocene ?) orogeny, was not confined thereto, but occurred 
at intervals from Middle Cretaceous times onward. The move- 
ments were chiefly vertical, but along fault-planes the strata may 
be much crushed or upturned. Erosion proceeded pari passu 
with elevation, and the beds laid down after such movements may 
rest with apparently perfect conformity on the undisturbed areas, 
but with small or great unconformity where lying on the eroded 
surface of a tilted block, or near a fault-plane, or they may cross, 
without disturbance a zone of fault-breccias in the underlying 
Lower Notocene rocks (Fig. 3). If these two conceptions be 
admissible, we have the explanation of much apparent conflict of 
evidence seen when we attempt to correlate the stratigraphi- 
cal succession in various regions. We must also note that such 
generalizations as are in the columnar statement on the map 
herewith must be subject to modification in detailed application 


to special areas. 
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Later Cretaceous.—The earliest of the Notocene incursions of 
the sea entered a small part of the northeastern portion of the 
South Island in Middle Cretaceous times, flooding a very irregular 
surface. Sixteen species of fossils have been recognized by Woods 
in the deposits of this period, forms identical or allied with species 
typical of the general Indo-Pacific fauna of the period. What 
follows is not quite clear, but probably the sea retreated, and 
entered again in late Cretaceous times, covering a much more 
extensive area and submerging other portions of the northeast 
and also in the southeast of the South Island and the east and 
northern portions of the North Island. A much more extensive 
fauna was introduced than before, over sixty species being known, 
which, according to Woods, Trechmann, and Wilckens, are of the 
typical Indo-Pacific Senonian types, with a particularly marked 
affinity with the fauna of Southern America and Grahams Land. 
Indeed, it seems as if we must conclude that New Zealand, Ant- 
arctica, and South America lay, at the close of Cretaceous times, 
on the coast of the South Pacific Ocean, involving the hypothesis 
of a land connection at this period between these regions, a con- 
clusion to which biologists have long tended. In some parts of 
New Zealand the Senonian beds are followed by a great thickness 
of almost unfossiliferous though partly foraminiferal limestone, 
to which a Danian age has been assigned. This stage is, however, 
missing from many districts. 

Eocene.—In “ Eocene” times,’ the sea spread in certain regions, 
but was missing from others. Three contrasted developments of 
beds of this epoch may be noted. At this time were formed the 
most valuable coal-measures in New Zealand, those in the north- 
western portion of the South Island, the recent survey of which has 
been in large part due to Morgan. The highlands adjacent to this 

Chere is very little affinity between the Cretaceous faunas of New Zealand and 
Australia 

Che Lyellian terminology may perhaps be retained for the major subdivisions 


of the Notocene period, but since we do not know the relative rate of evolution of new 


marine forms in New Zealand and Europe, we cannot conclude that strata with like 
percentages of Recent forms in the two regions are coeval, and hence the terms based 
on such percentages can have but a local comparative value. For this reason the 


convention is adopted of placing them between quotation marks. 
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region were still unreduced, and a great thickness of conglomerate 
was laid down prior to the formation of the coal-measures, which 
in turn are succeeded by marine mudstones, the fossils of which 
contain less than 5 per cent of recent forms. On the other hand, 
in the southeastern portion of the South Island, the Upper Cre- 
taceous coal-measures are succeeded by soft mudstones or impure 
limestones, which Marshall found to contain less than ro per cent 
of Recent forms in rather extensive faunas, including also some 
characteristic early Tertiary genera. In the northeastern part 
of the South Island a series of marly rocks overlying the above- 
mentioned Danian limestone may represent this epoch. 

Oligocene and Miocene.—By the close of “Eocene”’ times the 
mountains formed during the Cretaceous crust-folding had been 
reduced approximately to a peneplain, and the marine trans- 
gressions of ‘‘Oligocene”’ and ‘‘Miocene” times submerged the 
greater portion of the South Island, and much of the North Island, 
and a very rich molluscan fauna was present. There was, however, 
considerable local variation in the development of such marine 
rocks, a discussion of which would necessarily lead into much 
detail, with the difficulties of conflicting correlations and a con- 
fused nomenclature. It should, however, be noted that in the 
central region of Otago in the South Island, where, it is suggested, 
the recumbent folds of the Cretaceous orogeny were most highly 
piled, reduction by erosion and subsidence seems to have been 
retarded, so that this region remained above the level of the Tertiary 
sea, but in ‘‘ Miocene” and perhaps also in “Pliocene” time was 
largely covered with fluviatile and lacustrine deposits, often richly 
auriferous. 

Pliocene.—Crust-warpings at the close of ‘‘ Miocene” times 
caused the sea to retreat from the greater part of the South Island, 
though it transgressed on to its northeastern angle. The North 
Island, however, was largely if not completely submerged, except 
for the great volcanoes which now commenced their activity. In 
this transgressive sea ‘‘Pliocene’’ beds were laid down, in some 
cases with quite noticeable unconformity upon “ Miocene”’ beds. 
One district calls for special mention, that of Wanganui in the 
southwestern portion of the North Island which must surely 
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become a classical district for the study of later Tertiary marine 
rocks in the Southern Hemisphere. A nearly continuous line of 
sea cliffs exposes a thickness of 3,500 feet of gently dipping clay 
stones. No break is seen in the succession, nor any sign of faulting, 
though two carbonaceous layers indicate temporary land-surfaces. 
Large collections of shells were made by Marshall and Murdoch 
at four different horizons. In the lowest were 61 per cent of 
Recent forms; in the next 76 per cent; in the next go per cent; 
and in the highest 93 per cent. Sands containing only modern 
shells rest with obvious unconformity upon this series, an almost 
dramatic conclusion to the Tertiary record. 

Middle Tertiary faunas.—The marine faunas of Middle Tertiary 
times in New Zealand contain many new immigrant forms and 
show signs of South American influence, which scarcely are sufficient 
to indicate coastal connection at this time, though the affinity of 
the New Zealand fauna with that of South America is greater than 
that with Australia. Moreover, since the Middle Tertiary period 
New Zealand appears to have been entirely isolated." The modern 
marine fauna is but a diminished residue of the Middle Tertiary 
fauna, and its specific and generic distinctness from Australian 
forms precludes a connection of these areas in “ Pliocene”’ and 
post-“ Pliocene” time. 

V ulcanism.— During the Notocene period there was considerable 
volcanic activity. Its earliest manifestation was in a few Middle 
Cretaceous basaltic eruptions in the northeastern portion of the 
South Island, and rhyolitic extrusions, to the east and west of 
Christchurch, which are probably Upper Cretaceous. There are 
also west of Christchurch some post-Jurassic, pre-Senonian ande- 
sites, the relations of which are now being investigated. The 
products of early and middle Tertiary activity are much more 
important and widespread. Economically the most important 
among these were the andesites and dacites* of the Coromandel 
Peninsula, North Island, in which post-magmatic solutions have 
developed great auriferous deposits. Rhyolites also occur in this 

t It is of interest to note in this connection that characteristic genera of modern 
New Zealand plants are represented among the Tertiary fossil leaves in Grahams Land. 


? Included with the basic volcanic rocks in map herewith. 
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complex. Somewhat later were the eruptions of basalt, etc., 
which formed Banks Peninsula, described by Speight, and the 
basalts and varied alkaline rocks about Dunedin, which Marshall 
has studied. In Upper Tertiary times volcanic activity broke out 
in the center of the North Island, where it has continued to the 
present time. Andesites, and more or less pumiceous rhyolites, 
are the chief products of this activity, the principal centers of which 
are arranged on a line following the northeasterly “grain” of the 
country. Mount Egmont, the great isolated cone in the west of 
the island, also consists of andesite. 

Pleistocene diastrophism.—The period which followed the 
cessation of Notocene sedimentation, though comparatively short, 
was that during which New Zealand assumed its present form as 
a result of a great series of differential movements, warping or 
tilting of crust-blocks, and the denudation of the surface so pro- 
duced. The nature of these processes has been elucidated by 
Cotton. The boundaries of the several blocks are now marked by 
fault-scarps in homogeneous structures, or by faulted contacts of 
older and younger strata, at which the latter are often steeply 
upturned. Usually the faults are oblique to the strike of the 
folded strata they truncate, and very frequently extend in a north- 
easterly direction. The movement was not all due to simple tension 
and differential subsidence of blocks, but strong compressive 
lateral thrusts also occurred, with the occasional production of 
folding passing into faults, of overthrusting and even overfolding 
(Fig. 4). 

The faults present the following characteristics. The movement even 
along the same dislocation, may be concentrated in a single fracture with 
walls close together, or perhaps several chains apart, the intervening space 
being filled with comminuted rock. Again the fault may bea shear-zone. ... . 

One type of fault constantly recurs: narrow trough-faults in which the 
rock between the main fault-walls belongs to a higher horizon than the walls 
themselves. When the Tertiary beds which overlie the more ancient sediments 
and graywackes are involved, the recognition of this type of fault is very 


easy. [Henderson.] 


The surface of New Zealand at the close of the Pleistocene 
orogeny was thus that of a group of variously elevated earth-blocks 
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composed usually of hard graywacke or schist, on the more or 


less planed surface of which rested much less resistant Tertiary and 
sometimes Cretaceous sediments. In many elevated blocks 
the hard basement rocks rose to a higher level than the compara- 
tively weak covering strata in the adjacent relatively depressed 
blocks, which formed broad, fault-bounded, intermontane basins 
or narrow, rectilinear rift valleys, or fault-angle valleys. A conse- 
quent drainage was soon established on the broken sheet of covering 
rocks, which it commenced to remove. Where this process is 
still incomplete, topography is controlled in large measure by the 


variation in the resistance to erosion offered by the different strata 
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Fic. 4.—Section at Lake Wakatipu showing extensive movement in the post- 
Tertiary orogeny. a, sandstone and conglomerate; 6, limestone; c, marly sandstone; 
d, marly clays; e, brecciated Tertiary marine rocks; m.s., mica schist. After Park.) 


in the covering rocks, and dip slopes and scarps are characteristic 
features of the scenery. Where, however, erosion is more advanced, 
portions of the planed surface of the underlying rocks are laid bare, 
and where the cover is cleared away from extensive areas, a stripped 
peneplain is exposed, the further reduction of which is very slow 
(Fig. 5). 

Late erosion.—An enormous amount of detritus results in the 
stripping of the covering strata from the surface of the elevated 
blocks and from the dissection of the fault-scarps. This is only 
exceptionally removed as it is supplied. In most places deep 
aggradation of the troughs has taken place concurrently with the 


dissection and degradation of the higher blocks. 
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As a result of this double process many interesting features 
have been produced in the development of the topographic forms 
and especially valley systems on this complex land surface. In 
some regions, especially those composed of the older pre-Notocene 
rocks, the control of the drainage by structural features is indicated 
by the reticulated plan of the valley systems, the association of 
valleys with marked lines of faulting, or with zones of fault-breccias. 
This is especially noteworthy where narrow masses of the softer 
covering strata have become involved in the fault-zone, but some 
control of drainage by fault-zones may be observed even in regions 
in which the soft covering rocks only are exposed. Probably not 
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of block-faulting of region covered by weak “‘Notocene’”’ sediments; B, modern to- 
pography resulting from denudation of above surface and aggradation in the troughs. 


only the somewhat reticulate character of the valley systems in the 
argillites, etc., of the northeast of the South Island has been thus 
influenced, but also the rectilinearly branching valleys which now 
form the fiords traversing the gneisses, etc., of the southwestern 
portion of the same island. Some of the more open, though still 
long and narrow depressions may be due, not merely to the differ- 
ential erosion of a strip of soft material among harder rocks, but 
even to actual trough-faulting. The disposition of the covering 
rocks about one lake (Te Anau) in the southwest of the South 
Island affords proof of such in this particular instance. 

Glaciation —The topography does not, however, depend 
actively on structure and normal differential subaerial erosion, for 
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the effects of glaciation are also evident. It seems clear, how- 
ever, that this was restricted to the highlands and the valleys 
among them reaching sea-level only along the west coast of 
the South Island. The ice did not advance to form a large 
confluent piedmont glacier beyond the eastern slopes of the 
Southern Alps, though it deployed into sheets of considerable 
area in the lake basins and associated depressions, notably that of 
the above-mentioned Lake Te Anau. The view that an ice sheet 
extended to the low southeastern portion of the island does not 
appear to be acceptable. As a result of glacial erosion, the valleys 
in the mountainous portions of the South Island, though originally 
determined as explained in the previous paragraph, have since 
been considerably modified. The topographic features character- 
istic of glaciation have been developed, and there are even indica- 
tions of the effects of more than one cycle of mountain glaciation. 
It is not clear what extent of glaciation may have been present in 
the North Island, but there seems to have been little if any. 

In the rain shadow of the Southern Alps an area of very small 
precipitation occurs in the center of the province of Otago, and 
here topographic features characteristic of semi-aridity may be 
seen. 

Piedmont aggradation.—Concurrently with the degradation of 
the mountains, there has been much sedimentation, forming 
piedmont plains. A series of gravels formed during the elevation 
of the Southern Alps have been unconformably covered by the 
gravels of the Canterbury Plains. These consist of a great sheet of 
detritus over 130 miles long and 30 miles wide, the confluent fans 
of the rivers draining the eastern slopes of the mountains, at the 
foot of which they rise to a height of 1,000 feet above sea-level, 
but they have been built out over a sea floor which has subsided 
at least 600 feet during their formation. Less extensive plains of 
gravel and alluvium occur in other districts, each with special 
features of interest. 

Loess.—Of lesser importance are the deposits of loess along the 
central portion of the eastern coast of the South Island. The loess 
is composed of the rock-flour carried by the dominant northwesterly 
winds from the dried pools in the braided valleys of the glacier-fed 
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streams, and has accumulated to a depth of 20 feet or more in 
suitable situations. Bones of the moa are found in these deposits. 

Recent movements.—Since the epoch of great differential dis- 
placements of relatively small earth-blocks, which was the essential 
character of the ‘‘ Pleistocene” orogeny, there have been a series of 
relatively small movements involving much larger earth-blocks, 
which movements have been elevation, depression, or tilting. 
Exceptionally localized differential movement has resulted in 
fault-coasts or strongly warped surfaces. Between these move- 
ments were long periods of crustal stability during which the 
cycles of erosion reached a fairly advanced stage. Hence along 
the coast in different districts there are marked raised beaches, 
while extending far up the valleys are rock-benches or alluvial 
terraces, indicating that the valleys are not monocyclic but were 
rejuvenated from time to time. 
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PuysIcAL History OF THE TEXAS PENNSYLVANIAN 


INTRODUCTION 


The Pennsylvanian strata of north central Texas furnish a | 
beautifully exposed and nearly complete section of the rocks of | 
this period, exceedingly variable in lithologic character and prolific | 
in well-preserved fossils. Yet because of their isolation and the ; 


semiarid, somewhat forbidding character of the country in which 
they outcrop, detailed study of them has been long delayed. The 
discovery in recent years of great deposits of petroleum within this 
area has brought to it many geological workers, and has served as 
a great stimulus to the study of the stratigraphy, differentiation, 
and correlation of its formations. 


* Published by permission of the Director, Bureau of Economic Geology and 


Technology, University of Texas. 
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Previous work.—The Pennsylvanian area of Texas was first 
explored by Roemer’ in 1846 and later by Shumard,? Ashburner, 
and others. The most important contributions to the stratigraphy 
of the north Texas country, however, are contained in the writings 
of Tarr,4 Cummins,’ and Drake,® 
coal fields of the Colorado and Brazos river valleys in the late 


who made investigations of the 


eighties and early nineties for the first Texas Geological Survey. 

Cummins’ recognized six divisions in the rocks of the Texas 
Pennsylvanian, (1) Bend, including the black shale and limestone 
typically exposed in San Saba County; (2) Millsap, comprising 
shale, limestone, and sandstone exposed in the Brazos River Valley; 

3) Strawn, including the strata, chiefly shale and sandstone, 
between the first coal and the base of the massive limestones of the 
succeeding division; (4) Canyon, the dominantly limestone division 
in the middle or upper part of the Pennsylvanian section; (5) 
Cisco, composed of shale, sandstone, and thin limestones above the 
Canyon limestones and below the Red Beds; and (6) Albany, 
consisting of thick limestones and shales above the Cisco, at first 
thought to belong to the Coal Measures, but later referred to the 
Permian. Cummins did not attempt to subdivide these large 
units, but the broad groups which he recognized and the names 
which he applied are those in use at the present time. In the 
main they appear to be very well chosen and the contributions of 
this pioneer worker based on work done under great difficulties are 
most important. 

Drake® was first to make a detailed study of any portion of the 
Pennsylvanian in Texas. In mapping the coal field of the Colorado 
River Valley, he differentiated the large groups of Cummins into 
many smaller units which he described and named. He fixed the 

*F. Roemer, Die Kreidebildungen von Texas (Bonn, 1852). 

? B. F. Shumard, Trans. St. Louis Acad. Sci., Vol. I (1860), pp. 686-87. 

3 C. A. Ashburner, Trans. Amer. Inst. Min. Engrs., Vol. TX (1881), pp. 495-506. 

4R.S. Tarr, Texas Geol. Surv., First Ann. Rept. (1889), pp. 201-16. 

W. F. Cummins, Texas Geol. Surv., First Ann. Rept. (1889), pp. 145-82; Second 

Rept. (1890), pp. 359-94. 

N. F. Drake, Texas Geol. Surv., Fourth Ann. Rept. (1892), pp. 357-481. 

W. F. Cummins, Texas Geol. Surv., Second Ann. Rept. (1890), p. 3 
8 N. F. Drake, doc. cit. 
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limits of the Strawn, Canyon, and Cisco in the area studied by him, 
designating definite stratigraphic horizons at the top and bottom 
of each. Many of the subdivisions defined by Drake are employed 
in the present classification, but in a number of cases it has seemed 
necessary to depart from his usage and to apply appropriate 
geographic names for units to which he gave merely descriptive 
names, as ‘‘Cherty” or “Coral” limestone. 

In addition to the investigators whose work has just been 
mentioned, a considerable number of geologists have reported 
studies of value on various portions of the Texas Carboniferous 
beds. Among these may be mentioned Hill," Gordon,’ Paige,’ 
Udden,‘ Girty,’ Moore,° and Plummer.’ All of these investigations 
have been studied carefully by the writers in connection with the 
present work. 

Recent investigations —In December, 1916, the geologists of the 
Roxana Petroleum Corporation began the systematic mapping of 
the surface and structural geology of the northern portion of the 
Pennsylvanian area in Texas. As the work progressed the maps 
were fitted together and the data slowly compiled for a new, 
detailed, geological map of north Texas. At present almost the 
entire area of the Pennsylvanian outcrops has been mapped, the 
outcrops of all the principal limestones and many other beds having 
been traced by means of plane table and alidade. Several hundreds 
of geological sections have been measured and carefully described. 
Fossils have been collected from most of the stratigraphic divisions, 
those from some horizons having been studied in detail. Finally, 
much information has been obtained from the records of numerous 
wells over a large area in north Texas which have been drilled 
deeply into or through the Pennsylvanian. 


*R. T. Hill, U.S. Geol. Surv., Twenty-first Ann. Rept. (1901), Part VIL. 
C. H. Gordon, U.S. Geol. Surv., Water Supply Paper 276 (1911). 
} Sidney Paige, U.S. Geol. Surv., Geol. Atlas, Folio 183 (1912). 
41. A. Udden, Bur. Econ., Geol., and Tech., Bull. 44 (1916). 
G. H, Girty, Bull. Amer. Assoc. Petrol. Geol., Vol. III (1919), pp. 71-81. 
R. C. Moore, Bull. Amer. Assoc. Petrol. Geol., Vol. III (1919), pp. 216-52; G. H. 
Girty and R. C. Moore, Bull. Amer. Assoc. Petrol. Geol., Vol. III (1919), pp. 418-20. 


7 F, B. Plummer, Bull. Amer. Assoc. Petrol. Geol., Vol. II (1919), pp. 132-50. 
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GENERAL DESCRIPTION OF THE NORTH CENTRAL 
TEXAS PENNSYLVANIAN 

Location.—The Pennsylvanian area of north central Texas may 
be described as two great inliers of Carboniferous rocks which 
protrude through the Cretaceous strata on the east and dip beneath 
Permian rocks on the west and north. The two areas are separated 
by a narrow tongue of Cretaceous (Trinity) sand, and the southern 
outcrop rests against Ordovician rocks for a short distance along 
the Llano uplift, so that the southern portion does not possess the 
relations of a true inlier. 

The total area covered by the Pennsylvanian is about 7,000 
square miles. It includes the west part of Montague, the south- 
east part of Clay, the greater portion of Jack, Young, Stephens, 
Palo Pinto, Eastland, Brown, the east half of Coleman, the north 
part of San Saba, and the northeast of McCulloch counties. The 
shape and location of the Pennsylvanian area are shown on the 
index map, Figure tr. 

Lithologic character —The lower portion of the Pennsylvanian 
rocks consists of massive blue, gray, or black limestone, and greenish- 
gray to black argillaceous and bituminous shale. As observed at 
the outcrop, these are not interbedded, but a division consisting 
almost wholly of limestone, 400 to 500 feet in thickness, lies between 
two shale formations. This portion of the Pennsylvanian, the 
Bend, contrasts in lithologic character with the remaining rocks of 
the system. It is the chief petroliferous horizon in north Texas. 

The Millsap and Strawn divisions are dominantly clastic, the 


latter, especially, being composed of very massive, more or less 
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conglomeratic sandstones and alternating sandy shales. The 
resistant beds in this portion of the section are beautifully exposed 
over large areas in the Colorado and Brazos river valleys. 

The Canyon consists of massive limestones, from a few feet to 
as much as 250 feet in thickness, alternating with shales. Although 
commonly designated a limestone division, its character is in no 
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Fic. 1—Index geological map of Texas 


way comparable to the Bend, for in the Canyon, the limestones are 
thinner and are interbedded with the shales. The limestones are 
hard, fine-grained, in part very cherty, and are not as a whole very 
fossiliferous. The shales are chiefly yellow to gray in color and 
clayey rather than sandy. 

The Cisco is composed of thick shales and more or less con- 


glomeratic sandstones, thin limestones, and some coal. The shale 
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and sand are much the most important rock types, but the lime- 
stones form persistent escarpments and are prominent, especially 
in the upper part and to the south. Conglomerates are found 
chiefly in the north. They are composed, for the most part, of 
small angular fragments of the resistant materials from other 
sedimentary formations. The shales are commonly sandy. The 
limestones are for the most part fine-grained and yellow to gray 
in color. 

Thickness.—The total thickness of the Pennsylvanian of Texas, 
computed from measurements of the surface outcrops, is as a 
maximum about 6,800 feet. A compilation of average thicknesses 
for each of the divisions gives a total of 5,350 feet. As a matter 








Fic. 2.—Diagrammatic section through the Pennsylvanian of Texas 


of fact, the thickness of the total section is somewhat less than 
the total of measurements of thickness at the outcrop, for there 
appears to be a very important overlap of the beds from east to 
west, so that above the Bend the older divisions disappear suc- 
cessively in going to the west. This is illustrated by the diagram- 
matic section, Figure 2. 

The average thicknesses of the divisions of the Pennsylvanian in 
Texas are indicated in the table of formations. 

Topography.—The outcrop of the Pennsylvanian rocks and of 
each of the major divisions of the Pennsylvanian in north Texas 
is characterized by the topography. The Pennsylvanian area as a 
whole is distinguished by its prominent and very persistent escarp- 
ments. Due to the character of the soil and the climate, there is a 
widespread cover of mesquite, scrub oak, and cactus, with belts of 
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TEXAS PENNSYLVANIAN 





Colorado River Valley 


Coleman Junction limestone 
Santa Anna Branch shale 


Sedwick limestone 
Santa Anna shale 
Horse Creek limestone= ? 
Watts Creek shale 


Camp Colorado limestone 
Shale 

Stockwether limestone = 
Camp Creek shale 


> 


Saddle Creek limestone 


Shale and coal 


Breckenridge limestone 

Shale 

‘**Lower Chaffin” limestone 
Drake ? 

Shale 

‘Speck Mountain” lime 
stone (Drake) = 

Shale and sandstone 


W ay land shale 
Gunsight limestone 


Bluff Creek shale 


Home Creek limestone 
Hog Cree k shale 


Ranger limestone 
Placid shale 

Clear Creek limestone 
Cedarton shale 


\dams Branch limestone 
Brownwood shale 
Capps limestone bed 
Rochelle conglomerate 


Not present 


Brazos River Valley 


Coleman Junction limestone 
Santa Anna Branch shale 


Sedwick limestone 
Shale 
Dothan limestone 
Shale 


Camp Colorado limestone 
Shale 

Eolian limestone 

Shale 


Saddle Creek limestone 
Shale 

Belknap limestone 
Shale and coal 

Crystal Falls limestone 
Shale and sandstone 


Breckenridge limestone 
Shale 


Black Ranch limestone 
Shale 


Ivan limestone 
Shale 
(vis sandstone 


Wayland shale 
Gunsight limestone 
South Bend shale 
Bunger limestone 
Gonzales Creek shale 
Jacksboro limestone 
Finis shale 


Home Creek limestone 
Hog Creek shale 


Ranger limestone 
Seaman Ranch shale 


Adams Branch limestone 
Brownwood shale 


Palo Pinto limestone 
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CLASSIFICATION OF THE TEXAS PENNSYLVANIAN—Continued 











~~, Colorado River Valley | Brazos River Valley 
Keechi Creek shale 
Turkey Creek sandstone 
Salesville shale 
Lake Pinto sandstone 
Mineral Wells East Mountain shale 
formation 500-800 Undifferentiated 4 Brazos River sandstone 
Mingus shale 
Thurber coal 
Millsap 
formation | 1,800-3,000 Millsap formation (undiffer- 
entiated) 
Smithwick 
shale 400 Undifferentiated 
Marble Falls -Present, but not exposed 
limestone 400-500 Undifferentiated 
Barnett shale 0-50 Undifferentiated 





cedar locally along the prominent limestone ridges. The area of 
the Bend has a rough, semimountainous topography which results 
from the resistant character of the massive, thick limestone of the 
Marble Falls formation. The Strawn area is distinguished by 
prominent but irregular escarpments which are produced by the 
hard sandstone beds. The weathering of the shales and the 
disintegration of the sandstone produces flat, sand-covered bottom 
lands, but the bold escarpments along Brazos and Colorado rivers 
dominate as topographic features. The Canyon, as the name some- 
what fortuitously suggests, gives rise to a very rough, deeply 
chiseled topography which is one of the prominent geographic 
features of north central Texas. The massive limestone beds make 
high, sharp-edged escarpments which make travel from east to 
west very difficult. The Cisco produces a topography of gentler 
relief, with broad, open valleys and less prominent, though well- 
defined, escarpments. 

Divisions —In making the new geological map of the Texas 
Pennsylvanian, attempt has been made to present a classification 
which, conforming as closely as possible to the well-known divisions 
of Cummins, will apply equally to the whole area from the north 
to the south. Carefully measured and studied sections across the 
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Pennsylvanian along a number of selected lines were compared, and 
data gathered from mapping and evidence ftom invertebrate fossils 
were considered. The resulting classification of the sediments is 


shown in the following table. 
BEND GROUP 


The strata included in the Bend group are exposed in northern 
San Saba, McCulloch, western Lampasas, and Burnet counties, 
areas bordering the Central Mineral Region of Texas. The group 
is named from McAnnelly’s Bend in Colorado River (Fig. 3). It 
consists of three formations, the Barnett shale at the base, the 
Marble Falls limestone in the middle portion, and the Smithwick 
shale at the top. The total thickness in the region of outcrop is 
about 850 to goo feet. 

The Barnett shale, named from springs east of San Saba, is a 
yellowish-gray to black, bituminous shale ranging in thickness up 
to 50 feet, the average being about 30 feet. Its outcrop forms a 
narrow, smooth pathway between the rough, broken terranes of 
limestone on either side, the Ellenburger (Ordovician) below and 
the Marble Falls above. This pathway many of the roads in San 
Saba County follow. Though represented in numerous well rec- 
ords north of the outcrop, the Barnett is not found everywhere 
at the base of the Bend group, as at the type locality of the Marble 
Falls limestone on Colorado River at Marble Falls. Where the 
Barnett is absent the base of the succeeding limestone commonly 
appears to be somewhat conglomeratic, containing débris evidently 
derived from the subjacent Ordovician limestones. The Barnett 
shale is not very fossiliferous, except locally where certain marly 
beds contain numerous fossils. The chief distinguishing features 
of the fauna are the goniatites Gly phioceras cumminsi and G. incisum 
and the brachiopod Liorhynchus carboniferum. The cephalopods, 
which were first described by Hyatt, Smith’ referred to the Euro- 
pean species Goniatites striatus and G. crenistria. Girty? included 
G. striatus in the synonymy of G. choctawensis, but it appears that 
the Bend fossils are most probably distinct from these. Liorhyn- 

t J. P. Smith, U.S. Geol. Surv., Mon. 42 (1903), pp. 68, 80. 


G. H. Girty, U.S. Geol. Surv., Bull. 439 (1911), p. 97. 
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chus carboniferum is reported from the Moorefield shale of northern 
Arkansas, in the Floyd shale of Alabama, and elsewhere in beds 
which are referred to the Upper Mississippian. Accordingly Girty' 
regards the Barnett as late Mississippian in age and therefore 
distinct from the remainder of the Bend which is undoubtedly 
Pennsylvanian. Goldman,’ studying samples of cuttings from two 
wells north of the outcrop, believes that certain lithologic characters 
differentiate the lower shale, and that it is separated by a strati- 
graphic break from the overlying beds. Through the courtesy of 
the United States Geological Survey, Mr. Moore has recently had 
opportunity to examine particularly the contact between the 
Barnett and the succeeding Marble Falls divisions. It has been 
found that although the characteristic Barnett fauna is obtained 
in a limestone which apparently marks the base of the Marble 
Falls, there is really a sharp line of faunal demarcation between 
this and the Marble Falls divisions which is also distinguished by 
a thin zone of glauconite and phosphatic pebbles. The fauna of 
the Barnett is unlike that of the succeeding beds and resembles 
most closely that from formations which are regarded as Upper 
Mississippian. The Barnett shale is therefore tentatively referred 
to the Mississippian rather than the basal Pennsylvanian where it 
was placed in the previous correlation of the writers. 

The Marble Falls limestone is a massive, resistant formation 
which is well exposed throughout the region of its outcrop. It is 
somewhat irregularly folded and faulted, and because of the lack of 
continuous exposures or readily identifiable horizons within the 
formation it is difficult to measure an accurate section of the unit 
as a whole. Its total thickness in the region of its outcrop, how- 
ever, appears to be about 400 to 500 feet. In the surface exposures 
no sandstone and practically no shale is observed in the Marble 
Falls formation; but to the north well records show the occurrence 
of some shale interbedded with the limestone and also the presence 
of some limestone in the succeeding Smithwick shale. The Marble 
Falls limestone is but sparsely fossiliferous in some exposures, but 
in parts of San Saba County numerous beautifully preserved fossils 

*G. H. Girty, Bull. Amer. Assoc. Petrol. Geol., Vol. III (1919), p. 72. 


2M. I. Goldman, U.S. Geol. Surv., Prof. Paper 129-A (i921). 











PENNSYLVANIAN STRATIGRAPHY OF TEXAS 29 


have been collected. Altogether more than 150 species have been 
identified in studies reported by one of the writers," which show 
that in spite of a very considerable proportion of species which 
have not previously been described the fauna is undoubtedly 
representative of the Lower Pennsylvanian. Forms which are 
commonly found only in Mississippian strata, as the coral Paleacis, 
occur in the Marble Falls, but the dominant element of the fauna 
belongs without question to typical Pennsylvanian species. 

The Smithwick shale is typically a fine-grained, black or olive- 
green, rather fissile, bituminous formation which rests conformably 
upon the Marble Falls limestone. It has a total thickness of about 
400 feet. Excellent exposures are found along Colorado River 
near Smithwick, Marble Falls, and Bend, but the outcrop is in most 
places marked by areas of very gentle relief where the shale has 
been covered by débris from weathering. The drainage, as shown 
in the course of San Saba River, appears to have become adjusted 
to the surface geology, the larger streams following the outcrop of 
the easily eroded Smithwick shale. Fossils are few in the black, 
bituminous portion of the Smithwick, but in the gray portion a 
varied fauna has been obtained in which the mollusks are, as might 
be anticipated, the dominant element. The fauna is related to that 
of the Marble Falls formation, but contains a number of forms not 
found in the beds below. 

The Bend group may be correlated with the Morrow group of 
northeastern Oklahoma and northern Arkansas and with the 
horizon of the Wapanucka limestone in southern Oklahoma. Not 
only is there a notable similarity in the faunas of these beds, but 
a number of species which have been reported only from them 
appear to be in common. However, Pentremites and Archimedes, 
which have been found in both the Morrow and the Wapanucka, 
are not known in the Bend. As has been indicated, the Pennsyl- 
vanian aspect of the fauna is evident. If the Morrow belongs to 
the Upper Pottsville, as indicated by plant fossils studied by 
White,” it would appear that the Bend belongs to a late portion of 

«RR. C. Moore, loc. cit. 


? David White, U.S. Geol. Surv., Nineteenth Ann, Rept. (1898), Part III, p. 469; 
Twentieth Ann, Rept. (1900), Part II, p. 817. 
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the Pottsville. On account of the unconformity and pronounced 
change in the character and the considerable thickness of the 
succeeding Strawn strata which appear certainly to be not younger 
than Allegheny, the writers are inclined to refer the Bend to a 
somewhat earlier position in the Pottsville, possibly as indicated 
by Ulrich,’ the Lower Pottsville. It may be noted that some of 
the Bend fossils, as among the cephalopods Paralegoceras iowense, 
which are reported from other portions of the American Pennsy]l- 
vanian, do not appear to be identified correctly with these species, 
and their significance in correlation is therefore not so important. 
STRAWN GROUP 

The Strawn group includes all the strata between the top of 
the Smithwick shale and the base of the Palo Pinto limestone in 
the Brazos River Valley or its stratigraphic equivalent in the 
Colorado River Valley. The rocks of this group are distinguished 
chiefly by their clastic character, especially the thickness of coarse 
sandstones, and by their irregularity in bedding (Fig. 4). The two 
main areas of Strawn outcrop, one in the valley of Colorado River 
and the other in the valley of the Brazos, are broadly similar, but 
it has not been possible to identify divisions of the one in the other. 
In the northern area there are exposed in the upper part of the 
Millsap division a number of beds of limestone which are found 
nowhere to the south, from which it appears that the waters of the 
Brazos River Valley were farther from the land of Strawn time 
than those of the Colorado. The entire section of the Strawn is 
observable along Colorado River, but in the Brazos Valley a 
considerable thickness of beds belonging to the lower portion of 
the Strawn are not exposed on account of the Cretaceous overlap 
from the east. In both areas there is indication of a very marked 
overlap of the Strawn from east to west, the successively younger 
strata of the group extending farther to the west than the older. 

The Strawn of the Colorado River Valley lies in the area studied 
by Drake.? In his work the alternating subdivisions of sandstone 
and shale are differentiated in some twenty units which he termed 

t E. O. Ulrich, U.S. Geol. Surv., Prof. Paper 24 (1904), p. 111. 


?N. F. Drake, op. cit., pp. 375-80. 
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beds and to which he applied stratigraphic names. The outcrops 
of these beds extend from south to north across the Strawn area, 
the dip being more or less steeply to the west. The sandstones 
form escarpments, but because of variations in the deposits these 
are very irregular and are not readily traceable or easily differ- 
entiated, as are the limestone escarpments higher in the section. 
The thickness of the Strawn in the Colorado River Valley as deter- 
mined from measurements at the outcrop is more than 3,800 feet, 
but the drill shows that the greatest thickness south of Brownwood 
is not more than 1,200 feet. Wells 5 miles west of Brownwood 
show a thickness of the Strawn amounting to 700 feet, and 9 miles 
north of Coleman only 500 feet. Near Brady the Strawn is appar- 
ently not represented, and higher divisions of the Pennsylvanian 
rest directly upon the Bend. 

In the Brazos River Valley two main divisions of the Strawn 
have been identified, the Millsap formation below and the Mineral 
Wells formation above. Only the upper portion of the Millsap 
formation is exposed at the surface, outcrops being found in the 
eastern part of the Strawn area near Millsap and along Brazos 
River in southwestern Parker County. The limestones which 
appear in this part of the section are quite unlike any beds observed 
in the Mineral Wells formation. Cummins‘ defined the Millsap 
division in 1890 to include all the beds in the Brazos River Valley 
below “coal seam No. 1” (Thurber coal) and the top of the black 
Smithwick shale. Thus the lower portion of the Millsap formation 
is known only from drill records. As a whole, the formation con- 
sists mostly of dark blue and clayey shale, limestone, and several 
thin, light-colored, friable sandstones. Locally it contains oil and 
gas in commercial quantities. Well records show its thickness in 
the Strawn area to range from 1,800 to 3,000 feet, and as in the case 
of the Strawn of the Colorado River Valley the thickness diminishes 
to the west: 2,200 feet at Brad in Palo Pinto County; 1,600 feet 
at Caddo in Stephens County; and 800 feet at Breckenridge, 
Stephens County. 

The Mineral Wells formation includes the sandstones and 
shales of the upper part of the Strawn in the Brazos River Valley 


‘W. F. Cummins, Texas Geol. Surv., Second Ann, Rept. (1890), p. 372. 
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above the Thurber coal. It is very well exposed in the vicinity of 
Mineral Wells and along Brazos River, its outcrop extending in a 
belt ro to 15 miles wide from Erath to Jack and Wise counties. 
Four prominent sandstone members produce prominent escarp- 
ments which are the chief topographic features of the region. The 
hales are sandy and are at least in part very fossiliferous. 

Fossils from the Strawn collected by the writers are chiefly from 
the Millsap and the middle portion of the Mineral Wells formation 
n the Brazos Valley. The fauna of the Millsap, so far as known, is 
not very large, nor does it contain strongly diagnostic elements, but 
t appears to be more closely related to that of the Bend than the 
\lineral Wells. A large and varied fauna is found in the Mineral 
Wells formation, more than go per cent of which is common to the 
Wewoka fauna of southern Oklahoma which has been studied in 
letail by Girty.' Without doubt these faunas are very closely 
related, but since this fauna with some minor changes occurs in the 
Canyon group and in the Graham formation of the Cisco, and since 
in southern Oklahoma it is found as low as the Hartshorn sand- 
stone,? many hundreds of feet below the Wewoka formation, it is 
believed that the stratigraphic equivalent of the upper Strawn in 
southern Oklahoma is below the horizon of the Wewoka. From 
evidence at hand the Strawn of Texas may be correlated with 
beds below the Calvin sandstone of the section northeast of the 
\rbuckle Mountains, with the Vinita and Winslow formations of 
the region farther north, and probably in part the Cherokee shale 
of Kansas and Missouri. It is evidently of Allegheny age. 

CANYON GROUP 

Che Canyon group includes the beds formed after the deposition 
f the coarse sandstones, conglomerates, shales, and coal of Strawn 
time, when the land to the east had been worn low, the accumulating 
sediments forming a series of thick limestones and fine calcareous 
lays, with only a few lenses of sandstone. As here defined, the 
Canyon group includes the strata assigned to it by Cummins’ in his 


G. H. Girty, U.S. Geol. Surv., Bull. 544 (1915). 


~ 


G. H. Girty, U.S. Geol. Surv., enth Ann. Repl. (1808), Part III, p. 541. 


W. F. Cummins, Texas Geol. Surv., Second Ann, Rept. (1890), p. 374. 
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section along Brazos River, that is, from the base of the massive 
limestone on the East Fork of Keechi Creek, now named the Palo 
Pinto limestone, to the top of the massive limestone which outcrops 
near Finis on the line between Jack and Young counties. The 
latter has been found to be equivalent to the Home Creek limestone 
of Drake in the Colorado River Valley. Conditions were more 
uniform in the north Texas region during the Canyon epoch, and 
it is possible to trace many of the stratigraphic subdivisions for 
very long distances. As shown in the table of formations, there 
are four formations in the Canyon of the Brazos Valley, in order 
from the bottom: Palo Pinto, Graford, Brad, and Caddo Creek; 
in the Colorado Valley there are three, the Palo Pinto not being 
represented. The total thickness of the group ranges from an 
average of about 500 feet in the south to 800 or goo feet in the north. 
The outcrop is correspondingly wider in the north. 

The Palo Pinto limestone is a thick, crystalline, dark gray rock 
made up typically of beds 2 to 6 inches in thickness and having a 
total thickness of 50 to 100 feet. It forms a prominent escarpment 
across Palo Pinto County and has been traced for a long distance in 
the Brazos Valley. It has not, however, been identified south of 
the Cretaceous overlap in Eastland County which separates the 
Pennsylvanian outcrops. The basal beds of the Canyon consist 
here of wave-worked sands, thin, brecciated limestone containing 
pebbles of black limestone, chert, and conglomerate. Evidently 
there was land no great distance farther south, in the region of the 
present Llano Mountains. The chief distinguishing feature of the 
fossils which have been found in the Palo Pinto formation is their 
very robust size, many species being represented by individuals 
more than twice the normal size. 

The Graford formation, named from the town of Graford in 
northern Palo Pinto County, consists of a thick, locally very 


fossiliferous shale, the Brownwood member, below, and a massive 
escarpment-forming limestone, the Adams Branch member, above. 
These divisions are well developed both in the south, where they 
were differentiated by Drake, and in the north. The Brownwood 
shale is about 160 feet thick near Brownwood, but at least 400 feet 
near Graford. A conglomerate at the base of the formation in the 
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Colorado Valley has been named the Rochelle conglomerate, and a 
thin lentil of limestone which is traceable for a considerable distance 
in the lower part of the Brownwood in Brown County is named the 
Capps bed. The Adams Branch limestone has a thickness of 10 
to 30 feet in the southern Pennsylvanian area, but northward it 
increases locally to more than 100 feet. A varied fauna has been 
collected from the Graford formation, the most numerous fossils 
coming from the Brownwood member. While it contains some 
species, in part undescribed, not known in the Wewoka fauna, and 
lacks many which occur in the southern Oklahoma formation, it is 
a local modification of this fauna and corresponds to it more closely 
than to any other. A thin bed about 60 feet below the top of the 
Adams Branch limestone, characterized by an abundance of a very 
elongate, emaciated Fusulina, has been identified throughout the 
extent of this member. 

The Brad formation, named from Brad in Palo Pinto County, 
rests conformably upon the Graford. It consists of limestone and 
shale, a massive, very cherty limestone, the Ranger member, mark- 
ing the top. The Brad formation has been traced from near 
Stewarton in Jack County to Brady in McCullough County, its 
average thickness in the north being about 225 feet, and in the 
south about 200 feet. The lower part of the formation consists of 
shale with thin limestones and some sandstone, and in the north 
all the strata below the Ranger limestone are included in the 
Seaman Ranch member. In the Colorado River Valley, however, 
three members are distinguished below the Ranger: the Cedarton 
shale and sandstone, 20 to 80 feet at the base; the Clear Creek 
limestone, 10 to 25 feet, next above; and the Placid shale, 30 to 50 
feet, beneath the Ranger. The Ranger limestone, which was 
called by Drake the “Cherty limestone,” is readily distinguishable 
because it is the only uniformly cherty bed in the Canyon. Its 
thickness ranges from to to 50 feet. 

The Caddo Creek formation, named from a tributary of the 
Brazos in Stephens County, has been mapped from eastern Jack 
County southwest and south to a point near Brady. In the north 
its average thickness is 100 to 150 feet, in the south 30 to 50 feet. 
[t consists of two members, both named by Drake in the Colorado 
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Valley, the Hog Creek shale below, and the Home Creek limestone 
above. The shale is rather sandy, and especially in the north 
grades into a thick, cross-bedded sandstone at the top. The lime- 
stone, or rather the series of thin limestones, at the top of the 
Caddo Creek, has a thickness of to to 50 feet and in the extreme 
northern portion of the outcrop disappears. 

A review of the paleontologic evidence and the stratigraphic 
relations of the Canyon group leads to the conclusion that this 
portion of the Texas Pennsylvanian is approximately contem- 
poraneous with the upper portion of the section described in the 
Coalgate area’ of southern Oklahoma, that is, Calvin to Holden- 
ville, and perhaps some of the subjacent beds. This includes the 
Wewoka formation. Since the horizon of the Calvin has been 
traced northeastward to the Claremore, and this in turn to the 
base of the Marmaton formation in Kansas, it appears that surface- 
mapping checks the paleontological correlation made by Girty’ 
‘and the Wewoka formation may be regarded as equivalent to a 
portion of the Marmaton. The horizon of the Lenapah limestone 
which belongs in the upper part of the Marmaton formation has 
also been traced across most of Oklahoma and appears to lie just 
above the Wewoka. 

CISCO GROUP 

The upper portion of the Texas Pennsylvanian included in the 
Cisco group is characterized by its more clastic sediments, its thin 
but persistent limestones, and the presence of coal. It includes 
all the beds between the Home Creek limestone of the Canyon 
and the lowermost beds containing Permian fossils. The change 
in the character of the rocks in passing from the Canyon to the 
Cisco is evidently the result of a diastrophic movement which made 
shallow the waters in northern Texas and which brought into them 
large amounts of coarse sand and gravel, chiefly from the north, for 
the northern portion of the Cisco is materially thicker and more 
clastic than the southern portion. The total thickness of the Cisco 
group is about 700 to 800 feet in the southern Pennsylvanian area 


tJ. A. Taff, U.S. Geol. Surv., Geol, Atlas, Folio 74 


G. H. Girty, U.S. Geol. Surv., Bull. 544 (1915 
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ind 1,400 to 1,500 feet in the north. Six formations have been 
recognized in the Cisco, as indicated in the foregoing table of 
stratigraphic divisions, in order from the base: Graham, Thrifty, 
Harpersville, Pueblo, Moran, and Putnam. As a whole, the Cisco 
sroup is not more fossiliferous than other parts of the Texas Penn- 
sylvanian, but some beds, as the upper shale of the Graham forma- 
tion, are among the most fossiliferous in the mid-continent region. 
The Graham formation, named from the county seat of Young 
County, a place already known to science on account of the unusual 
immonoids which have been collected there by J. P. Smith’ and 
others, appears to rest disconformably upon the Canyon beds. The 
older or lower members of the Graham are present only in the north, 
pinching out southward and being overlapped by the younger or 
1igher members. The formation is distinguished from the under- 
lying beds by its very clastic character and thinner limestones, and 
from succeeding beds by its prolific and characteristic fauna. The 
subdivisions of the Brazos Valley include the Finis shale and sand- 
stone at the base, Jacksboro limestone, Gonzales Creek shale, 
Bunger limestone, South Bend shale, Gunsight limestone, and Way- 
land shale. In the Colorado River Valley there are the Bluff Creek 
shale, Gunsight limestone, and Wayland shale. The limestones 
ire in each case very thin and are not so persistent as the limestones 
of the Canyon. The Jacksboro and Gunsight are locally charac- 
terized by an extraordinary abundance of the coral Campophyllum 
torquium. ‘The shales, especially the Wayland shale, contain very 
numerous fossils which for the most part are beautifully preserved 
and weather out readily from the shale. The fossiliferous zone of 
the Wayland has been traced in some detail from northern Jack 
County to Brown County, a distance of some 175 miles, and at 
every point where suitable exposures were found the characteristic 
fauna was discovered. One locality a mile south of the town of 
Gunsight, in southern Stephens County, contains the most sur- 
prising profusion of well-preserved fossils which has come under 
the observation of the writers. The fauna is very closely related 
to that of the Wewoka formation in Oklahoma, for not only is a 
ery large proportion of the species common to both, but a number 


tJ. P. Smith, loc. cit. 
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of rare species which may be considered as satisfactory index fossils 
are found in both. One very interesting element in the Graham 
fauna is the group of ammonoids, or, in part, true ammonites, which 
occurs in the Wayland shale. While a number of these have been 
found nowhere outside of the Graham, they are very strongly 
suggestive of the Permian; indeed, so much so that if the associated 
invertebrate fauna and stratigraphic position were less definitely 
certain, the containing rocks would probably be regarded as Per- 
mian. The Graham formation is referred to the Upper Coal 
Measures and is believed to be approximately equivalent in age to 
the Kansas City formation of the Kansas section. There are 
marked similarities in the faunas of these horizons, and each is 
followed by a pronounced change in fauna, marked by the dis- 
appearance of many of the common elements in the previous 
invertebrate groups and by the appearance of new forms such as 
Enteletes hemiplicata, Chonetes granulifer meekianus, and other 
shells, which became widely distributed and abundant in the 
closing portion of the Pennsylvanian. The greater thickness of 
the Graham formation in the north, 500 to 600 feet as compared 
with roo feet or less in the south, and its much more clastic char- 
acter in the north appear to be associated with the uplift of the 
Arbuckle Mountains in southern Oklahoma which independent 
studies indicate was subsequent to the time of the deposition of the 
Wewoka formation and long after the beginning of the Penn- 
sylvanian. 

The Thrifty formation, named from the town in central Brown 
County, includes the strata from the sandstone which discon- 
formably overlies the Graham formation to the top of the limestone 
which forms a prominent escarpment in the town of Breckenridge, 
Stephens County. The formation consists of thick shales which 
are less fossiliferous and brighter in color than those of the Graham, 
limestones which are thicker and somewhat more massive than 


those of other divisions of the Cisco, and some sandstone and coal. 
It has been mapped from Jermyn in Jack County through Young 
and Stephens counties to the border of the Cretaceous in Eastland 
County. Inliers belonging to the Thrifty appear in the midst of 
the Cretaceous near Romney and Bethel, and it has been traced 
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south of the sand to the border of the Llano Mountains southwest 
of Brady. In the northern Pennsylvanian area its thickness is 
about 150 to 200 feet, in the southern, too to 125 feet. The forma- 
tion has not been subdivided into named members, but three of 
the limestone beds which have been separately mapped for long 
distances have been differentiated. The Breckenridge limestone, 
3 to 5 feet thick, occurs at the top, the Black Ranch limestone, 
about the same in thickness, is found 20 to 40 feet below the top, 
and the Ivan limestone, 50 to 80 feet below the top. The two lower 
beds have not definitely been identified in the Colorado Valley, 
though they are possibly equivalent to Drake’s ‘Lower Chaffin” 
and “‘Speck Mountain”’ limestones. 

[he Harpersville formation is named from a small town 10 
miles south of Breckenridge in Stephens County. It includes the 
strata from the top of the Breckenridge limestone to the top of the 
Saddle Creek limestone of Drake, and is chiefly characterized by 
its content of one of the important workable coals in the north 
lexas Pennsylvanian, “Coal No. 6” of Texas reports. The shales 
which are the chief constituent rock are carbonaceous and ferru- 
ginous, containing siderite and limonite concretions, and locally 
i.bundant, well-preserved fossils. ‘The only important limestone in 
the 


iree beds 1 to 3 feet in thickness separated by shale; but in the 


south is the Saddle Creek member, which consists of two or 


7 
if 


north a second limestone, named the Belknap, 30 to 50 feet below 
the top of the formation, is traceabie for a long distance; and in 
the vicinity of Crystal Falls, Stephens County, a third bed, the 
The total 
The 


Crystal Falls limestone, occurs 60 to 80 feet lower. 
thickness of the Harpersville formation is 200 to 275 feet. 
fauna is a fairly large one, but it is very unlike that of the lower 
portion of the Cisco described in the Graham. ‘The species most 
ommon there are here missing, and new species, as Enteletes 
hemiplicata, Chonetes granulifer meekianus, Derbya cymbula, and 
‘ther forms, appear. Also species which are present in the lower 
rocks as a rather unimportant faunal element are here very abun- 
lant. The fauna of the Harpersville is indicative of a late portion 
f the Pennsylvanian. It is approximately equivalent to the 


Douglas or Shawnee formations of the Kansas section. 
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The fourth formation of the Cisco, the Pueblo, is named from a 
town on the Missouri, Kansas & Texas Railway in northeastern 
Callahan County, where the rocks of this division are typically 
exposed. It lies conformably upon the Harpersville formation and 
includes the strata to the top of the persistent Camp Colorado 
limestone which forms a readily traceable escarpment both in the 
Colorado and Brazos valleys. The thickness of the formation, 
which averages from 150 to 200 feet, is largely made up of gray, 
buff, or reddish shale. The limestone beds at the top are thin, 
3 to 6 feet, but are remarkably uniform and persistent. The fauna 
of the Pueblo is similar to that of the subjacent Harpersville and 
is typical of the uppermost Pennsylvanian. 

The strata above the Pueblo belong to the Moran formation 
which is defined to include the shale and limestone to the top of 
the persistent yellow limestones which outcrop typically in the 
vicinity of Moran, Shackleford County, and in the Moran oil field. 
These limestones, commonly three in number, are closely associated 
and are grouped together as the Sedwick member. The Sedwick 
beds are distinguished by widely distributed and abundant small 
silicified fossil casts, mainly gastropods. The Sedwick may be 
identified with little difficulty by reason of this peculiarity of the 
contained fossils, the lithologic character of the limestones, and the 
stratigraphic position. The average thickness of the formation is 
150 feet in the south and 200 feet or more in the north. 

The uppermost division of the Cisco group is named the Putnam 
formation, from a town in Callahan County. It includes the shale 
and limestone overlying conformably the Moran formation to the 
top of the Coleman Junction limestone of Drake which comprises 
the upper member of the formation. The shale which follows the 
Coleman Junction bed contains fossils which appear to belong to 
the Lower Permian, but those which have been found in the lime- 
stone are not dissimilar from those in the subjacent divisions of the 
Cisco. As in Kansas, there appears to be here a gradual transition 
from the Pennsylvanian to the Permian, and a line of division is 
more or less arbitrary. ‘The Coleman Junction limestone has been 


selected as a conspicuous, readily traceable line of such division, 
but it is possible that future detailed investigations will show the 
presence of Permian species below this horizon. The thickness of 
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the Putnam formation is 125 to 150 feet in the Colorado Valley, 
and about 175 feet in the Brazos Valley. 

The middle and upper portions of the Cisco, that is, the Thrifty 
formation and succeeding divisions, correspond in stratigraphic 
position and faunal character with the upper part of the Kansas 
section included in the Lansing to Wabaunsee formations. The 
Texas divisions cannot be correlated precisely on the basis of 
information at hand with the Kansas formations, but there can be 
no doubt as to their essential equivalence. 


PHYSICAL HISTORY OF THE TEXAS PENNSYLVANIAN 


Sedimentation began in the north Texas area in Pottsville time, 
the sea first advancing into the region probably in the very early 
Pottsville. Black shale and later a thick mass of limestone were 
widely deposited about and over the Llano region and northward 
probably beyond the Red River. The sea of this time was evi- 
dently an invasion from the southwest, and the faunas represent 
the earliest typical marine Pennsylvanian of the continent. The 
epoch closed with more deposition of carbonaceous muds. 

At the end of Bend time the sea withdrew temporarily from the 
Llano region and probably from most of the north Texas area. 
However, there was little erosion of the soft Smithwick shale, and 
the unconformity which is observed at the base of the Strawn is 
defined mainly by the difference in strike of the younger beds, the 
conglomerates and very remarkable change in the character of the 
sediments, and the overlap of the Strawn upon the Bend. The 
incient land to the east representing the northeast part of Columbia, 
or, as it has been termed recently, Llanoria," was notably uplifted 
and furnished a very great amount of clastic débris to the shallow 
sea lying to the west. This was spread out in irregular lenses with 
a general delta structure, dipping westward and younger deposits 
overlapping the older. Coal was deposited locally. The fauna had 
undergone a marked change from that of Bend time and at least in 
the upper part of the Strawn was very closely related to the southern 
Oklahoma Wewoka fauna. This portion, and perhaps all of the 
Strawn, is referable to Allegheny time. 

tH. D. Miser, paper presented before the Geological Society of America, Decem- 


» 1920. 
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Clearer waters, in which calcareous muds and limestones were 


the chief accumulating sediments, succeeded, the Canyon group 
representing the second epoch of dominant limestone formation in 
the Texas Pennsylvanian. Some 700 or 800 feet of limestones and 
shales were deposited during this relatively quiet interval, the 
invertebrate faunas showing only changes which might be antici- 
pated with undisturbed, clear waters. It is probable that the 
change to dominant limestone deposition in Texas was approxi- 
mately synchronous with the similar change in the northern part of 
the mid-continent region above the Cherokee shale. 

The beginning of Cisco time is marked by a change in the 
character of the sediments, a great amount of mud, sand, and 
gravel being swept from the north and northeast, where the orogenic 
movement which resulted in the formation of the Arbuckle Moun- 
tains and probably an uplift of the ancient land of Llanoria fur- 
nished an abundance of materials. The thick, relatively soft, 
clastic formations which compose the Lower Pennsylvanian in the 
Arbuckle region would first be exposed to erosion and probably 
furnished a large proportion of the sediment in the Graham forma- 
tion of north Texas. When the Lower Paleozoic limestones of the 
mountain areas were exposed, limestone conglomerates were formed 
locally (Franks) which were strewn across the eroded edges of the 
earlier Pennsylvanian. Although there is an important uncon- 
formity in this part of the Pennsylvanian of southern Oklahoma, 
the seas do not appear to have receded more than temporarily from 
north Texas, for the unconformity at the top of the Graham forma- 
tion is not a large one. However, the faunas underwent a striking 
change and throughout the remainder of the Cisco have a very 
evident late Pennsylvanian aspect. The middle and upper Cisco 
represents a continuation of mud and sand deposition with an 
occasional limestone bed and one or two important intervals when 
coal was formed. There does not appear to have been any marked 
change with the transition to Permian time in part of the north 
Texas region, but to the northwest the presence of continental 
Red Beds sediments characteristic of the Permian appears. In 
these are found the well-known reptiles and amphibians which lived 
on the early Permian lands and along the old shores in the north 


Texas region. 
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PLEISTOCENE MOLLUSCA FROM NORTHWESTERN 
AND CENTRAL ILLINOIS' 


FRANK COLLINS BAKER 
Museum of Natural History, University of Illinois 


Two very interesting and important collections have recently 
been submitted for study by members of the Illinois State Geo- 
logical Survey. They include several new forms, besides a number 
of species not before recorded from Illinois Pleistocene deposits, 
though several of these have been known from Iowa glacial deposits 
or many years. 

In the volume on the Life of the Pleistocene (Baker, 19200, p. 368) 

e author listed as extinct six species of mollusks. That so small 
number of species in so large a group should have become extinct is 
noteworthy, but is paralleled by the plants of which seven species 
re extinct. It is believed by the writer that careful analysis of 
Pleistocene Mollusca will show that more species or varieties have 
become extinct than is indicated by present records. Many 
species have been linked with existing forms though they vary 
uite enough to constitute distinct species or races. It will be 
found that some species are abundant in Pleistocene deposits, but 
re living, indicating that the species is approaching extinction. 

In the study of Pleistocene fossils it is of the greatest importance 
that minute differences between species be recorded, for it fre- 
uently happens that two deposits contain species closely related 
ut yet sufficiently different to indicate a difference in climate, 

bitat, or general environment. A case in point is Succinea avara 
nd Succinea vermeta, two closely related species or races, the latter 
of which is abundant in loess deposits and other Pleistocene beds. 
he so-called “‘lumper”’ of species can do great harm to the study 
fossil faunas, whereas the so-called ‘‘splitter,’’ recognizing small 
itferences, may be of real help in the discrimination of faunas and 


* Contribution from the Museum of Natural History, University of Illinois, No. 20. 
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their relation to each other. Of the two evils, splitting is certainly 
the less. In the study of the material from these deposits this 
fact has been kept in mind and careful comparisons have been 


made with Recent and with other fossil species. 


MATERIAL FROM THE LOESS AND OTHER*DEPOSITS 
IN NORTHWESTERN ILLINOIS 

This material was collected by Dr. Morris M. Leighton, geolo- 
gist in charge of Pleistocene investigations for the Illinois State 
Geological Survey, during the summer of 1920. Dr. Leighton has 
worked out the stratigraphy of these deposits and his papers appear 
elsewhere. The localities and sections from which the material 
came are indicated below, the information being contributed by 
Dr. Leighton. The molluscan species contained in these strata 
are listed as to species and abundance. The writer has added 
certain notes to Dr. Leighton’s data, suggested by the zodlogical 
content of the strata. More specific information concerning the 

different species will be found in a later part of this paper. 


STATION NO. I 


Locality: Bluff along Farm Creek, Tazewell County, about 7 
miles east of Peoria, just east of the Toledo, Peoria & Western 
Railway bridge, near the south line of SE. }, Sec. 30, T. 26 N., R. 
3 W. 
Material: From the deposit of loess underlying the Shelbyville 
till, and overlying an older leached loesslike clay and the weathered 
[linoian till. 

Stratigraphic horizon: Early Peorian loess. 

MOLLUSCAN LIFI 
Helicina occulta, common. Succinea ovalis, rare, immature. 


Oreohelix iowensis, broken pieces. 


All are typical Peorian loess mollusks. This is near the type 
locality of Leverett’s Peorian interglacial stage,‘ and these are the 


first mollusks to be specifically identified from this type section. 


t Leverett, ““The Illinois Glacial Lobe,” U.S. Geol. Surv. Mon. 38 (1899), p. 187. 
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t STATION NO. 2 


Locality: Road cut ¢ mile northwest of Winslow, Stephenson 


County, just southeast of fork in roads. 
Material: Yellow calcareous sandy loess from base of cut. 
Stratigraphical horizon: Probably early Peorian. 


MOLLUSCAN LIFE 


inea vermela, a common loess fossil, usually listed as avara. 


STATION NOS. 3 AND II 


Locality: Stephenson County, SW. } of SW 3, Sec. 28, T. 27 N., 
R. 9 E., about $ mile northeast of Pecatonica River bridge, bank 
long roadside 12 to 15 feet high, mostly grass- and shrub-covered; 
mile north and } mile east of Ridott. 

Vaterial: Exposure at one place shows yellow, loesslike clay, 
ilcareous, about 5 feet below top. ‘Topographically a terrace 
esembling the silt terrace of the Pecatonica farther downstream 
nd in tributary } mile east. No show of bedding or lamination; 
ossibly obliterated by slumping. 

Stratigraphic horizon: Probably Wisconsin, in back water from 

Rock River during the deposition of the Rock River Valley train. 


MOLLUSCAN LIFE 
‘omatiopsis lapidaria, very abundant. Galba obrussa, seven broken shells. 
discus parallelus, common. 

[he writer is of the opinion that this deposit may have been 
artly formed by wind. Two of the species are semiaquatic. 
Pomatiopsis now lives in very small streams, usually not exceeding 

feet in width and a few inches in depth. Galba obrussa is semi- 
juatic (or amphibious) and spends as much time out of the water 
in it. Its habitat is in such streams as above described, or on 
muddy shores bordering rivers. It does not (nor does Pomatiopsis) 
ive in large bodies of water such as lakes or rivers. The writer 
s seen several places in Illinois, shallow rivulets in woodlands 
ordering streams, inhabited by these species. One such is near 
\Mlahomet on the Sangamon River. Helicodiscus is a typical land 
lusk. The character of the deposit (loesslike), the contained 
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calcareous concretions, and the habitat of the contained life all 


point to the possibility of its being low-land loess. 
STATION NO. 4 
Locality: Illinois Central Railway cut, Boone County, about 
* mile northwest of depot at Irene, northeast side of cut, NW. }, 
Sec. 29, T. 43 N., R. 3 E. 
Material: Where fossils were collected the drift section was as 


follows: 


reet 
6. Soil, dark, loessial, sparse pebbles About 23 
s. Till, leached, dark buff clay, hard.... 13 


4. Calcareous till, yellow on dry surface, grayish yellow with pinkish cast 
on damp surface, limestone pebbles; dark till in lower 6 feet About — 15 
3. Stratified, yellow, calcareous sand, no pebbles; numerous pelecypods 


and other mollusks ; ; About 5 
2. Blue-gray calcareous silt with numerous mollusks; exposed 2 
1. Bottom of cut, uncovered... . 5 


Stratigraphic horizon of Nos. 2 and 3: Post-Illinoian and pre-early 
Wisconsin, possibly Sangamon. 
MOLLUSCAN LIF! 


Fossils were obtained from Nos. 2 and 2 as noted: 
No. 3 No. 2 
VU usculium rhomboideum, 1, fragments 

Pisidium costatum, common, Pisidium costaltum, abundant. 
Planorbis altissimus, common. 
Galba palustris, common. Galba palustris, rare, immature. 
Succinea vermeta, rare. 

The blue-gray silt, No. 2, indicates a quieter body of water 
than the yellow sand, No. 3, and the mollusks bear out this inter- 
pretation. 


STATION NO. 5 


Locality: Ten rods southeast of Station No. 4, northeast side 


of cut. 
Material: The cut shows the following section: 
Feet 
If. Soil, dark, loessial, sparse pebbles 23 
10. Leached till, dark buff, clayey, hard 13 


9. Calcareous till, yellowish when dry, grayish yellow with pink tinge 
when damp, contains limestone pebbles 
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4 Feet 
8. Fine sand, no pebbles, yellow, highly calcareous 24 
>. Calcareous till, banded, yellow and grayish, limestone pebbles, 

compact. ee errr 13 
6. Blue, gummy clay, nearly gritless in some places and pebbles up to 
1 inch in others, highly calcareous. 1_2 
Fossiliferous loess, grayish to yellowish, rusty streaks near base, 
calcareous throughout, sand streaks, cross-bedded, dip southerly 5 
| 1. Stratified yellow sand and gray silt with few pebbles, few fossils, dis- 
' coidal, calcareous. 13 


3. Light blue silt, pebbly, some limestone pebbles, highly calcareous; 
may be till ‘ I 

Sandy to gravelly till, yellowish to rusty, limestone pebbles, matrix 
calcareous ; 2 

Probably till, gray with pinkish tinge, calcareous; steam shovel has 


worked stratum giving steeper slope than above section. y 


Nos. 6 to ro include the Wisconsin drift sheets; Nos. 1 to 3 
represent Illinoian till; Nos. 4 and 5 indicate an interglacial 
interval between the deposition of these tills. The sand and silt 
No. 4) may represent the Sangamon, and the loess (No. 5) the 
Peorian, although there appears to be no break between them. 
No. 4 has yielded two species of fresh water mollusks; Planorbis 


illissimus and Calba palustris, represented by but a few specimens. 


STATION NO. 0 


es 


Locality: Same as Station No. 5. 

Material: Taken from the fossiliferous loess No. 5 of the previ- 
ous section. Separate collections were made from both the yellow 
and gray loesses, the mollusks in both being of the same species. 


Stratigraphic horizon: Possibly Peorian loess. 
Stratigraphic | Possibly Peorian | 


MOLLUSCAN LIFE 


Succinea vermeta, the common Succinea of the loess, occurred 
somewhat more abundantly in the yellow than in the gray loess. 
Mr. B. B. Cox, a student in the University of Chicago, collected 
mollusks from the loess and other deposits, though he did not dis- 
criminate betweeen the deposits. He found in addition to the 
above Sphyradium edentulum alticola, a typical Peorian loess fossil, 


represented by one specimen. 
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STATION NO. 7 
Locality: Whiteside County, SE. } of SE. }, Sec. 15, T. 20 N., 
R. 3 E., stream-cut bank about 50 feet northwest of small bridge. 
Material: Where the fossils were collected the following section 


was exposed : 


Feet 

5. Soil dark 4-14 

4. Loesslike clay, dirty buff to buff, leached 1-24 
3. Weathered zone, brownish, separates upper from lower material 4 
Loesslike clay, yellow with rusty spots, no structure 5 

1. Fossiliferous clay, blue silts, dense, sticky, calcareous 13 


Stratigraphic horizon of No. 1: Probably Wisconsin in age; per- 
haps deposited in backwater of tributaries to the Mississippi 
River during deposition of the Wisconsin Valley train in the 
Mississippi Valley 

MOLLUSCAN LIFE 

Six species of fresh mollusks (one a bivalve) and one species of 

land mollusks were found in the fossiliferous bed, as noted: 
Fresh Water Land 

Pisidium costatum, rare. Succinea vermeta, common. 

Valvata sincera, abundant 

Planorbis altissimus, rare. 

Galba palustris, rare, immature. 


Galba dalli, common. 


The Succinea was doubtless washed into the stream from the 
land. The near relative of vermeta, Succinea avara, is frequently 
found on vegetation bordering streams or lakes. 

In the section it would be interesting to know just what the 
weathered zone, stratum No. 3, indicates. It possibly indicates 
Recent wash from the bordering hill slopes since man has disturbed 


the soil conditions by removing the forests. 


STATION NO. 8 
Locality: Carroll County, NE. } of NE. 3, Sec. 8, T. 23 N., 
R. 5 E., south bluff of creek valley southeast of schoolhouse. 
The bluff is 30 feet high and occurs in the end of a terrace spur at 


the mouth of a tributary valley. 
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Material: The bluff shows the following section: 


Feet 
Soil and angular “float” I- 1} 
Silt, structure mostly obliterated, leached, conforms to the present 
slope.. I- 3 
Sands and silts, laminated and thin-bedded, minor lens and pocket 
structure; clay yellow and brown; red granite bowlder 1 foot in 
diameter occurs about 1o feet above creek bottom on the north 
side near the base of this horizon; maximum.................. 22 
Blue silt, fossiliferous, some brown sand sion Oro 
Coarse, angular gravel, discontinuous in the middle portion exposed 
above water level) o- 2} 


Stratigraphic horizon: Nos. 2, 3, and 4 are believed to be of 
Wisconsin age, formed in backwater from the Mississippi, but there 
s reason to assign it to Peorian age or earlier. 


MOLLUSCAN LIFI 


Mollusks were collected from both the silts and the sands, as 
ollows: 
Silts Sands 
inea vermeta, abundant. Succinea vermeta, abundant. 
rligo modesta, rare, I spec. 
imidula shimekii, rare, 3 spec Pyramidula shimekii, rare, 1 spec. 
Galba parva, not common. 


The land shells (including all except Galba) are characteristic 
the Peorian loess. Their presence (especially Pyramidula 
imekii) in this deposit beneath nearly 25 feet of other material 
ould indicate an earlier age than the Wisconsin. The till in 
Carroll County is of Illinoian age, and it seems probable that the 
material above the till, especially Nos. 3 to 5 of the section, while 
eposited by the Wisconsin waters, really covered up life-remains 
it lived during the Peorian or Sangamon interglacial period. 
In the sands and silts of stratum No. 3 (Station No. g) three 
species were found, Succinea vermeta, Vertigo modesta, Galba parva, 


; 


Succinea being the only abundant species, the others very rare. 


STATION NO. 10 

Locality: Same as Station No. 8. 

Waterial: Creek bank 5 feet high on south side of meander 
urve shows the following section: 
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4. Gray silt (modern) ye oe I 

3. Black, peaty soil, fossiliferous ' 1} q 

2. Gray silt, compact 3 

1. Fine gravel, cross-bedded to water level. , ; . - 
Stratigraphic horizon of No. 3: Wabash stage (pre-Recent). a 


MOLLUSCAN LIFE 


Ten species of both land and fresh-water mollusca occurred in 


this peat deposit, as noted: f 
Water Land 

Pisidium, species, a few odd valves. Carychium exile, rare. 

Physa gyrina, rare. Vitrea rhoadst, rare. 

A plexa hypnorum, rare Gastrocopta tappaniana, common. 

Planorbis urbanensis, not common. Strobilops virgo, rare. ' 

Galba dalli, common. Euconulus fulvus, rare. 


This is a typical swamp or small-pond fauna such as might be 
found in any quiet pond in Illinois. Such small bodies of water 
are common in old flood plains. The presence of Planorbis urban- 
ensis is noteworthy, the species being hitherto known only from 
the original locality at Urbana. 


STATION NO. II 


Ee yn 


Same as Station No. 3. 
STATION NO. 12 


Locality: Stephenson County, Sec. 22, T. 29 N., R. 6 E., about 
100 feet southeast of the fork of the roads } mile northwest of 
Winslow, east side of road; roadcut 7 feet deep, all grassed except 
13 feet at base. 

Material: Probably entirely loess. Base shows loess _inter- 
stratified with sand: yellow, fossiliferous. 

Stratigraphic horizon: Not precisely known, although post- 
I}linoian. 


MOLLUSCAN LIFE 


The mollusk Succinea vermeta appears sparingly in the base of 


the section. 
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STATION NO. 13 


Locality: Whiteside County, west line of NW. } of SE. 4, Sec. 15, 
T. 20 N., R. 3 E., road cut on upland spur. 
Material: Shown in the following section: 


ee 





i ee ic band cidawaceadeecnhe eee eaeetee I 


very 


. Calcareous and fossiliferous loess ; eer 6 
Stratigraphic horizon: Post-Illinoian, possibly Peorian. 


§ MOLLUSCAN LIFE 


Seven species of land mollusks typical of the Iowan loess 


ccurred in stratum No. 1, as noted: 


Vallonia gracilicosta, common. Gastrocopta armifera, common. 
erligo modesta, rare (previously Succinea avara, common. 
known as Pupilla blandit). Pyramidula shimekii, rare. 
upilla muscorum, rare. Euconulus fulvus, rare. 


DISCUSSION OF SPECIES REPRESENTED IN THE DEPOSITS 


Thirty species are represented in the material collected by Dr. 
Leighton, three of which have not before been definitely reported 
from Pleistocene deposits in the state, and three others have been 
eported but rarely and from deposits not clearly defined strati- 


graphically. These are: 


New Records Rare Records 
trocopta tappaniana Vertigo modesta. 
llonia gracilicosta. Pyramidula shimekii. 
Galba dalli. Oreohelix iowensis. 


These collections indicate that the fauna of the loess and other 
deposits common in Iowa also occur in Illinois, at least in the north- 
vestern part, and that the deposits may be rather definitely 
correlated with those of Iowa. 

The thirty species have the following distribution as to geologic 


ive: 
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TABLE I 


DISTRIBUTION OF SPECIES ACCORDING TO GEOLOGIC AGE 








! 
Species Sangamon Peorian Wabash 





| 
| 
Bivalves | 
Musculium rhomboideum. . pene Sepa x 
Pisidium costatum..... 2... 666005 Nae x Serer x 
Pisidium species ' > 4 
Fresh-water gastropods | 
Pomatiopsis lapidaria................ .| rer Sereerirees x 
Valvata sincera Reyer eT ee a ahl-ah amare x 
A plexa hypnorum Y Seer ere Xx 
Physa gyrina , oe ery x 
Planorbis altissimus : ; aae x 
Planorbis urbanensis..... eusitheaeal x 
Galba palustris i i ere Xx 
Galba obrussa ewtite- wal - oy SERA E Seen tere x 
Galba dalli iin - ae eae tochanes x 
Galba parva a -. - Oeeceneenas 
Land gastropods 
Carychium exile ; 4 Se eee x 
Helicina occulta 
Vallonia gracilicosta 
Succinea ovalis 


x 

x 

: —T x 

Succinea avara ‘ . x 
x 

x 

x 

x 


Succinea vermeta , x 
Vertigo modesta . : . 
Pupilla muscorum | 
Gastrocopta armifera ‘ ; ‘ ‘i 
Gastrocopta tappaniana a See 
Strobilops virgo ‘ é 
Sphyradium edentulum alticola xX | 
Helicodiscus parallelus ar ae x 
Pyramidula shimekit x 
Oreohelix iowensis } 4 
Euconulus fulous x 
Vitrea rhoadsi 





Xx X 





> Oe 





FRESH-WATER BIVALVES (PELECYPODS) 


Musculum rhomboideum (Say). A single valve of this fragile 
species was found in a deposit of blue-gray silt of post-Illinoian and 
pre-early Wisconsin age (Sangamon ?) near Irene, Boone County. 
It is apparently rare in Pleistocene deposits. 

Pisidium costatum Sterki. This small bivalve was selected 
from three deposits at two localities; in yellow sand and blue-gray 
silt near Irene, Boone County (Sangamon age), and in the blue 
silty clay in Whiteside County (Wabash age). It is abundant 
near Irene, but rare in Whiteside County. Costatum is known only 
from Pleistocene deposits, not yet having been detected among 
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; living Pisidia. It is widely distributed and has been recorded 
from Aroostook County, Maine (Baker, 1920), p. 155), Michigan 
Sterki, 1916, p. 466), and Urbana, Illinois (Baker, 1918, p. 663). 
[hese records are all Wabash (post-Wisconsin). The present 
records carry the species back into interglacial time. 

Pisidium, species indeterminate. A few odd valves of a small 
Pisidium occurred in peat material from a flood-plain pond in 
Carroll County, of Wabash age (post-Wisconsin). 


FRESH-WATER SNAILS (GASTROPODS) 


Pomatiopsis lapidaria (Say). A mile north of Ridott, Stephen- 

son County, in loesslike silt, this species is abundant in company 

ith Calba obrussa and Helicodiscus parallelus. The species does 
ot differ in any way from living forms. 

Valvata sincera (Say). Abundant in blue silts in Whiteside 
County, apparently of Wabash age. These individuals are quite 
typical in everything except size, the largest specimens being 
lmost 1 mm. less in diameter than the largest living sincera from 
Lake Winnipeg. The two measurements are: 


ALTITUDE DIAMETER 


mm mm 
Recent species from Lake Winnipeg 4.5 <.% 
Fossil species from Carroll County. . 4.3 4.5 


Sincera from Urbana deposits (Baker, 1918, p. 663) are like 
the Carroll County forms in size. If this disparity in size should 
prove universal, it might be of advantage to differentiate the latter 

s a fossil race. Not enough material of either the Recent or the 
fossil sincera is at hand to settle this question definitely. Like the 
Recent forms, the fossil specimens vary somewhat in the height of 
the spire and in the sculpture of the whorls, there being a tendency 
n a few individuals to form thin, sharp ribs, as in the variety 

landeri. This feature is more marked in the Urbana sincera 
than in the specimens from Carroll County. 


PULMONATE GASTROPODS 


Physa gyrina Say. Rare in the Carroll County deposit, the 
specimen found being also immature. 
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Aplexa hypnorum (Linn.). A few very young specimens, 
3-4 mm. in length, occurred with the other species in the Carroll 


County peat deposit. 
Planorbis altissimus Baker. This small Planorbis occurs in 
sand and silt deposits near Irene, Boone County, in strata believed 
to be of Sangamon age, and in silt in Whiteside County, of Wabash 
age. It was most abundant in the Irene deposits. Altissimus 
is the common small Planorbis of all Pleistocene deposits. As a 
fossil it has recently been recognized in deposits from Maine, 
Michigan, Wisconsin, Indiana, Illinois, New Jersey, and Canada 
(Ontario). It is the species listed as parvus in the writer’s Life of 
the Pleistocene (in most cases, although true parvis does occur in 
Pleistocene deposits) and in most references to glacial fossils. It 
was thought to be extinct, but recently Miss Mina L. Winslow, of 
the Museum of Zoélogy, University of Michigan, collected a large 
number of a small Planorbis in Devil’s Lake and other water bodies 
in North Dakota which are apparently the same species. Condi- 
tions in these lakes are becoming severe, due chiefly to increase of 
alkalinity, and the species appears to be dying out in the region. 

Planorbis urbanensis Baker. Six specimens of a small Planorbis, 
first described from deposits in Urbana (Baker, 1918, p. 664; 
1919, Pp. 94), occurred in the peat deposit in Carroll County. It 
does not differ from the Urbana individuals and its presence in a 
distant part of the state indicates a rather wide distribution. It 
has probably hitherto been listed under the all-embracing name of 
parvus. Known only from fossil strata at present. 

Galba palustris (Miiller). Specimens of this protean species 
were found in deposits near Irene, probably of Sangamon age. 
These do not differ from living examples of the species. Young 
individuals, 4 and 6.5 mm. in length, occurred in Wabash deposits 
in Whiteside County. 

Galba obrussa (Say). Broken specimens of this species occurred 
in post-Wisconsin deposits near Ridott, Stephenson County. 

Galba dalli (Baker). This, the smallest of the lymnaeids, was 
common in the peat deposit in Carroll County, and in silt deposits 
in Whiteside County. The specimens are somewhat larger than 
the types of the Recent individuals from Indiana and there is some 












PLEISTOCENE MOLLUSCA FROM ILLINOIS 55 
variation in the height of the spire and the width of the shell. 
This is the first record for the species in the Pleistocene deposits of 
Illinois, though it is common in the Recent fauna. 
Calba parva (Lea). Three lots of a small lymnaeid apparently 
referable to parva were collected by Dr. Leighton, in brown sand 
| yellow sand, Carroll County, and in silt, Whiteside County, 
the latter in post-Wisconsin deposits (Wabash age). In one lot 
rom yellow sand (see Station No. 8) the shell is very wide and con- 
on the body whorl. This shell resembles Wolf’s figure of his 
ewelliana, described from deposits in Tazewell County (Wolf, 
370, p. 198, Pl. XVII, Fig. 2). This form is much more obese in 
e body whorl than are individuals of this species from the Recent 
ina. Specimens from silt in the same section have a much 
rrower and more compressed body whorl, and the columella is 
ghtly impressed. A single adult individual from Whiteside 
County (silt deposit) has the columella impressed so as to form a 
slight plait. ‘The material at hand is not sufficient to separate these 
‘ms satisfactorily, or to indicate whether they are merely local 
orts or larger variations. On the whole, if these are merely 
lividual variations, the parva of the late Pleistocene is much 
ore variable than its living representative. 


LAND GASTROPODS 


Helicina occulta Say. A number of individuals of this species 
urred in Peorian loess near Peoria. It is not a pulmonate land 
il 
Carychium exile H. C. Lea. A single individual of this small 
iil occurred in the peat deposit in Carroll County. It is quite 
typical. 
Vallonia gracilicosta Reinhard. Seven specimens of a Vallonia 
urred in the loess deposit of Whiteside County that are referable 
racilicosta. ‘They exactly conform to the figures by Sterki (1892, 
»56, Pl. XXXIITI, Figs. 48, 49) and they agree with his descrip- 
tion, having the fine, distinct ribs characteristic of this species, 
hich are finer and differently spaced than those of costata. ‘racili- 
1, according to Shimek, is a common loess fossil in Iowa. It 
s not previously been positively identified from Illinois deposits, 
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although it probably occurs and has been listed as pulchella or 
costata. McGee's reference to pulchella from Fulton, Whiteside 
County (Pleistocene History of Northeastern Iowa, p. 448) may be 
this species, as it looks like that species without the aid of a powerful 
magnifier (Baker, 1920), p. 351). It probably occurs widely 
distributed in northwestern Illinois. Living gracilicosta are 
known only from the West and Canada. Its abundance in the 
loess indicates a former greater southward extension in distribution. 

Succinea ovalis Say. Fragments of a large Succinea from the 
Peorian loess near Peoria are believed to be this species. 

Succinea avara Say. Several specimens of a species referable 
to true avara occurred in the loess of Whiteside County. 

Succinea vermeta Say. ‘The great majority of Succineae col- 
lected by Dr. Leighton are referable to Say’s vermeta, which appears 
distinct from his avara, the spire being longer, the sutures deeper, 
the whorls rounder, and the aperture roundly ovate instead of 
long ovate. ‘The shells referred to vermeta vary among themselves, 
but all are easily separable from typical avara. Avara as recorded 
from Pleistocene deposits also includes vermeta, the two forms not 
being differentiated. The two forms are said to intergrade com- 
pletely in the Recent fauna, but this does not seem to be true of 
the Pleistocene fauna, at least as shown by the material examined. 
The localities represented in the collections of Dr. Leighton are: 
Sangamon sand, Irene, Boone County. 

Early Peorian loess, Winslow, Whiteside County. 
Peorian loess, Stevenson County. 

Wabash sand, Carroll County. 

Wabash silt, Whiteside County. 


Vertigo modesta Say. This small land shell (of which the 
Pupilla blandi Morse of the lowa deposits is a synonym) occurred 
sparingly in three places, in silt and sand, Carroll County, and in 
loess, Whiteside County. The individuals from silt and sand 
deposits are apparently typical with four teeth in the aperture; 
but the loess specimen from Whiteside County is different from any 
form described. There are a columella tooth and two palatal 
teeth, but no parietal tooth. Pilsbry (1919, p. 128) describes a 
toothless and a tridentate form of modesta from Norton Sound, 









Pw 








~*~ 





PLEISTOCENE MOLLUSCA FROM ILLINOIS 57 


Alaska, and the Whiteside County specimen adds another varia- 
tion. Not enough material is at hand to ascertain whether this 
variation is anything more than local. Modesta (under the name 
of Pupilla blandi) is a common loess fossil in Iowa. In Illinois 
it has been reported from the Yarmouth stage (Baker, 1920), 
p. 271), and from deposits in the driftless area (Baker, 19208, p. 353). 

Pupilla muscorum (Linn.). Two specimens from the loess of 
Whiteside County, apparently typical. 

Gastrocopta armifera (Say). Common in loess of Whiteside 
County, and quite typical. 

Gastrocopta tappaniana (C. B. Adams). Abundant in the peat 
deposit of Carroll County. 

Strobilops virgo (Pilsbry). ‘Two specimens of this small land 
shell occurred in the peat deposit in Carroll County. They are 
typical. 

Sphyradium edentulum alticola (Ingersoll). A single specimen 
of this small species occurred in the calcareous loess in Boone 
County, collected by Mr. B. B. Cox. This species is reported 
from but two other places in Illinois. These are as follows (data 
from Baker, 19200): Aftonian, well boring near Rock Island, 
cited as Pupa alticola (p. 240); Peorian or Wabash loess, near 
Galena (p. 353). Its small size has probably caused it to be over- 
looked in the examination of loess deposits from Illinois. 

Helicodiscus parallelus (Say). Common in yellow sand of 
Wabash age near Ridott, Stephenson County. All of the speci- 
mens are typical. 

Pyramidula shimekii (Pilsbry). This characteristic land mol- 
lusk was found in two localities, both of Peorian age, loess of 
Whiteside County and sands of Carroll County. But one speci- 
men was collected in each place. Pyramidula shimekii is an 
abundant fossil in the loess of Iowa and may be said to be char- 
icteristic of the Iowan or Peorian loess. No authentic records are 
known from strata later than the Peorian. While it is common 
in Iowa, it is rare in Illinois, and records are known from but 
one locality other than those listed (Galena in the driftless area, 
l'rowbridge and Shaw, “Galena Folio). It may have been listed 
elsewhere under the name of Pyramidula cronkhitet anthonyi, which 
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somewhat resembles shimekii. The specimens collected by Dr. 
Leighton are slightly smaller than specimens from the Iowa locali- 
ties. 

Oreohelix iowensis (Pilsbry). Fragments of a large land shell 
in the Peorian loess near Peoria are believed to be this species. 
This fossil has been reported several times from Illinois deposits, 
and as it is a characteristic loess fossil, it may be of value to list 
these localities for comparison. 

Virginia, Cass County (listed as Helix strigosa), Sangamon loess (Leverett, 
p. 171). 

Fulton, Whiteside County, Peorian loess (McGee, p. 448). 

Savanna, Carroll County (Chamberlin & Salisbury, p. 285), driftless area. 
(See Baker, Life of Pleistocene.) 


Euconulus fulous (Miiller). A single specimen occurred in 
each of two deposits, in loess, Whiteside County, and in peat, 
Carroll County. Both are typical. 

Vitrea rhoadsi Pilsbry. Two specimens of this little snail 
occurred in the peat deposit in Carroll County. They were appar- 


ently typical. 
WABASH DEPOSITS IN THE VALLEY OF THE ILLINOIS RIVER 


Mr. Harold E. Culver, geologist of the State Geological Survey, 
recently obtained a very interesting collection of molluscan material 
from marl deposits in Grundy County. Mr. Culver has furnished 
the following information concerning this deposit and its relation 
to the associated strata: 

The shells from the marl deposit were uncovered in coal stripping opera- 
tions near Morris, Illinois. The pit is located in the S.E. quarter of sec. 34 of 
Saratoga Township (34 N., 7 E., 3d. P.M.). 

['YPICAL SECTION OF UNCONSOLIDATED STRATA 
Inches 
. Swamp silts, medium to dark gray...... pine Tr 18 
4. Porous clay, bright yellow-brown in color, lower surface very uneven, 


wm" 


and thickness variable ei 2 
3. Marl, light gray in color. 8 
2. Lake muds, gray, iron-stained, porous and full of organic matter, no 

shells, some glacial bowlders, and in places till at the base... .. . 24 


No. 2 coal, average TECECECECE Pee eee ee eee ee ee 
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From the character of the deposit and its relation to the underlying 
iterial, it is clear that it is post-Marseilles in age, and has evidently been 
id down in a somewhat limited depression, which was probably connected 
th the main Illinois Valley through a narrow outlet three or four miles to the 


asi <alel 


uuthwest. This depression presumably constituted merely an area of over- 
ow for the older Illinois River, and still bears somewhat of the same relation to 
he present stream. The deposit of marl is in places less than three inches in 


ee nied 


ckness, but probably exceeds a foot at the maximum. The areal extent is 
it known, but judging from the topographic relation the basin in which it 
as deposited covers two or three miles. It does not seem probable, however, 

t the marl deposit is even as extensive as this. 

From Mr. Culver’s description the deposit would seem to be 
‘elated to the old glacial outlet from Glacial Lake Chicago, when 
that body of water was at one of its high stages, possibly the 
Calumet stage. During the Glenwood and Calumet stages the 
[Illinois Valley was well filled with water and every little cove, inlet, 

depression near the valley margin was filled with water and 

med ideal habitats for fresh-water mollusks such as are now 
uund in the deposit under discussion. Similar marl beds are 

own from Joliet and are now being studied. The species in the 
\lorris deposit are mostly identical with those found in the Chicago 
asin (Baker, 1920b), and it is to be presumed that the latter area 
as supplied with life from the Illinois Valley. It is not impossible 
r the Morris deposit to be pre-Lake Chicago in age, as the mol- 
isks in the deposit could easily have lived during the Glenwood 
stage of Lake Chicago. 


DISCUSSION OF SPECIES 


Pisidium tenuissimum calcareum Sterki. An abundant species 
curring also in the deposits at Urbana. 
Pisidium compressum Prime. This species is evidently rare in 
this deposit, only a single valve being found in picking over a half- 
int of material. 
i mnicola leightont Baker. Abundant. This Amnicola appears 
be peculiar to glacial deposits. Some of the Amnicola recorded 
rom Pleistocene deposits in the Chicago basin (Baker, 1920)) are 
is species and not Amnicola limosa, although specimens believed 
be /imosa occur. It is recorded from Ohio (Baker, 19204, p. 448), 
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and the species probably has a wide distribution in Pleistocene 
deposits, from which it has been listed as limosa. 

Amnicola walkeri Pilsbry. A common species in this deposit. 
Also widely distributed. 

Amnicola lustrica gelida Baker. This variety of Amnicola 
lustrica was recorded as lustrica variety in a previous paper on 
Ohio glacial mollusks (Baker, 1920a, p. 448). It occurs abun- 
dantly in the Gundy County deposits, at Chicago, in other parts of 
Illinois, in Wisconsin, and in Michigan. It is constantly separable 
from typical Justrica and should have a name to distinguish it 
(see Baker, 1921, p. 22). It is probably peculiar to Pleistocene 
time. 

Valvata tricarinata (Say). Both Recent and Pleistocene 
carinate Valvatae show a large amount of variation in the degree 
of carination. Most of these variations have been named and 
but one possible combination seems unrecognized (supracarinata), 
and this has been characterized from specimens in the Grundy 
County deposit (Baker, 1921, p. 24). Of these possible variations, 
seven in all, five occur in the deposit under discussion. These are: 
Valvata tricarinata (Say), common. 

Valvata tricarinata perconfusa Walker, abundant. 

Valvata tricarinata infracarinata Vanatta, rare, two specimens observed. 
Valvata tricarinata supracarinata Baker, rare, four specimens observed. 
Valvata tricarinata simplex Gould, rare, one specimen observed. 


Physa anatina Lea. A common Piysa in this deposit appears 
to be Lea’s species, although the spire is not as high as in normal 
anatina. 

Physa walkeri Crandall. Common, associated with anatina. 
Apparently typical. Both species are widely distributed in Pleisto- 
cene deposits. 

Planorbis campanulatus Say. Rare, but two specimens observed. 

Planorbis antrosus Conrad. 

Planorbis antrosus striatus Baker. Both antrosus and _ its 
variety siriatus occurred commonly, in about equal numbers. A 
very common species in Pleistocene deposits. 

Planorbis deflectus Say. Not common. Typical of the species 


as found Recent. 


vin ed 








m 


BAI 








61 





PLEISTOCENE MOLLUSCA FROM ILLINOIS 





Planorbis exacuous Say. A single specimen of this characteris- 
: tic species was observed. It differs from Recent exacuous in having 
a bluntly acute periphery, hence higher whorls, and in the decided 
leflection of the aperture. It may be an individual variation, as 

but the one specimen was found. 

Planorbis altissimus Baker. This common small Planorbis 
ccurred abundantly in the deposit. It is the most abundant 
pecies of the genus in Pleistocene deposits. 

Calba obrussa decampi (Streng). Common, but most of the 
naterial is immature. 

Mr. Culver also collected a number of shells in Section 23 of 
he same township, in a slight depression which drains fairly well 
to the southwest. Mr. Culver says of this material: 


es 


Che shells lie scattered through about a foot of black mucky soil, which 
erlies clay which is presumably weathered Marseilles till. Although lying 
an elevation considerably above the present alluvial flats of the Illinois 
ver, this appears to be merely an accumulation of recent muds, and hence 
nnot be referred to the glacial epoch. 


Four species are represented in the lot: 

ha reflexa Say. Planorbis trivolvis Say. 

ysa gyrina Say. Planorbis pseudotrivolvis Baker. 

All were abundant except Planorbis pseudotrivolvis, of which but 
one specimen was present. This is an interesting find, because 
this form of Planorbis is present in the Chicago deposits and is now 
living near Urbana (see Baker, 1920, p. 123). The fauna is one 
that we now find in swales or summer-dry ponds in many parts of 
Illinois, or in the small branches of rivers near their sources. 
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MUDDY MOUNTAIN OVERTHRUST IN 
SOUTHEASTERN NEVADA' 
CHESTER R. LONGWELL 
Yale University 


INTRODUCTION 


Geologists have long recognized the fact that the region of the 
Basin Ranges has passed through more than one period of deforma- 
tion since the middle of the Mesozoicera. The most recent impor- 
tant disturbance found expression chiefly in great normal faults, 
which divided the crust into essentially parallel mountain ranges, 
Within many of these mountain blocks the structure is complex. 
Tertiary formations are strikingly unconformable among them- 
selves, and rest with profound unconformity on the older rocks. 
This great unconformity is a record of prolonged erosion following 
an epoch of crustal compression in Mesozoic time. The youngest 
rocks involved in this disturbance appear to be of Jurassic age; and 
therefore it is probable that the movement was contemporaneous 
with the folding of the Sierra Nevada and Humboldt Ranges. 

The degree of deformation due to this mountain-making varies 
greatly in the different ranges. In some the Mesozoic and older 
strata appear to have been nearly horizontal before the last impor- 
tant period of faulting. Other ranges preserve a record of the 
Nevadian movement in folds of varying intensity. In the Muddy 
Mountains of southeastern Nevada the record consists of over- 
turned folds and an overthrust of considerable magnitude. These 
structural features were recognized by the writer in the course of 
field work during the summer of 1919, and a brief description has 
appeared in another article. The present paper will give a more 
detailed description of the overthrust (Figs. 1 and 2). 

* Published by permission of the Director of the United States Geological Survey. 

2 Amer. Jour. of Sci., Vol. L (Jan., 1921), pp. 39-62. 
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TOPOGRAPHY OF THE MUDDY MOUNTAINS 
The Muddy Mountains are a complex range bounded by wide 
valleys of structural origin. From north to south the length of the 
range is nearly 40 miles, and the maximum width, measured from 
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Fic. 1.—Generalized geologic map showing the Muddy Mountain overthrust 
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Fic. 2.—Cross sections showing structure in the Muddy Mountains 


east to west, is approximately 15 miles. The intermontane valleys 
form a border several miles in width, with elevations ranging from 
less than 1ooo to slightly over 2,000 feet above sea-level. The 
northern part of the mountains consists of ridges developed by 
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differential erosion on tilted strata. These ridges trend generally 
north and south and are elevated only a few hundred feet above the 
bordering valleys. Similar ridges, trending northeastward, form 
the southern part of the mountains. The central division consists 
of faulted portions of an overthrust block, and is the dominating 
part of the range. This division of the mountains is shaped roughly 
like a letter C, with the opening toward the south. It is a dis- 
tinct unit, made conspicuous by its superior average elevation, by 
the abrupt faces bounding it on practically all sides, and by the dark 
Paleozoic limestones that form the greater part of the mass. For 
convenience in reference the unit has been called Callville Moun- 





View of White Basin and part of Callville Mountain, looking northwest 


the south end of the White Basin fault scarp. 


tain. Its upper surface is rugged, and a number of sharp peaks rise 
prominently above the general elevation. Muddy Peaks, the high- 
est points, are nearly 5,800 feet above sea-level. Immediately 
north of the peaks the continuity of the mountain has been some- 
what broken by faulting and erosion, and Jurassic sandstone is 
exposed in a depression known as Muddy Peaks Basin. White 
Basin, a low area floored by light-colored Tertiary. deposits, lies 
vithin the curve of the C formed by Callville Mountain (Fig. 3). 
STRATIGRAPHY 

Except for small amounts of igneous materials, all of the rocks 
exposed in the Muddy Mountains are sedimentary. They include 
strata of Paleozoic, Mesozoic, and Cenozoic age. The Callville 
\Mountain block consists of four formations, chiefly heavy limestones, 
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recognized as Devonian, Mississippian, and Pennsylvanian. 
lowest horizon at which fossils were found lies nearly 1,000 feet 
above the base of the series, and therefore a part of the lower beds 
At the top of the 
block an unknown thickness of the Pennsylvanian beds has been 
Outside the borders of Callville Mountain the 


may belong to periods older than the Devonian. 


removed by erosion. 


oldest strata exposed are the upper part of the Supai formation, 
which is mapped (Fig. 1) with the Permian. 
undetermined value in the stratigraphic succession. 
table summarizes the nature of formations and shows their relation- 


ships: 


Age 
Ouate 
Pp 
lertia 
Jur 
Ir 
Per 
Pe 
Pe 


nary 


Formation 
v leposit 
rmontane clay 
tormity 
Spring tormati 
rton | lomerate 
t um rmity 
bedded sandst 
valent to the I 
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Nature 
Gravel, sand, and silt 
Clay, silt, and sand, with salt 
gypsum, and other saline 
deposit 
Limestone, clay indstone 
conglomerate, volcanic ash, 


magnesium carbonate. gyp 
um, and other saline ma 
terials 


Coarse alluvial fan deposits 


in part firmly cemented 
Red and gray sandstone, with 
extreme cress-bedding 
Sandstone ile, and gypsum 
ith some silicified wood 
Conglomerate und cros 


led indstone with 





nee of silicified wood 








Heavy beds of limestone, with 
tone and gypsum 


Re id gray sandstone, in 
art cross-bedded wit! 
sum and gypsiler 
Heavy beds of dark gray lime 
tone, cherty in urt 
Dark carbonaceous limestone 
with chert nodule 


Cherty limestone and dark 
gray lartzite 


Heavy beds of gray limestone 
in part carbonaceou 


Thus there is a gap of 
The following 
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STRUCTURE OF CALLVILLE MOUNTAIN 

Fault boundaries.—Very evidently the steep sides of Callville 
Mountain are in large part due to normal faulting. Portions of the 
actual fault surface are well exposed, and at many points the adja- 
cent younger formations may be seen in fault contact with the 
Paleozoic rocks of the mountain. The White Basin fault scarp is 
exceptionally well preserved. Adjacent to White Basin it is sev- 
eral hundred feet high, and its remarkable regularity gives it the 
appearance of an artificial wall. At the base of the scarp, Ter- 
tiary beds are turned steeply upward along the edge of the down- 
thrown block, and large slickensided surfaces are numerous on the 
hard Paleozoic limestone of the footwall. Slickensides are distin- 
cuishable even at a height of more than 100 feet above the base of 
the cliff. These fault surfaces have an average westward inclina- 
tion of 50°, and near its southern end the scarp as a whole has 
the same inclination to a height of nearly 1,000 feet. The un- 
dissected character of the scarp is due in part to the eastward tilt 
of the footwall block. Consequent streams on the block flow 
eastward, and have cut deep canyons across the Rogers Spring 
fault scarp, which accordingly has a much older appearance 
than the White Basin scarp. At the base of the Rogers Spring 
front the Tertiary beds are upturned steeply toward the moun- 
tain, and portions of the fault plane are exposed, dipping 60° 
eastward. The block east of the fault has been thrown at least 
several hundred feet. Thus the part of Callville Mountain included 
between the Rogers Spring and White Basin faults is a typical horst. 

Similar faults, all with large throw, bound White Basin on the 
west, and at least a part of the west boundary of Callville Mountain 
is formed by normal fault scarps. It is very natural, therefore, to 
infer that the mountain is an irregular horst or group of horsts left 
elevated by the sinking of adjacent blocks. For the northern 
boundary, however, this explanation is not tenable. This side of 


Tt 


1e mountain is high and precipitous, and has the general appear- 
ance of an eroded fault scarp; but the fault plane, exposed at many 
points near the base of the cliff, has an average dip of nearly 70° to 
the south, and the older strata of the mountain have very evidently 
moved down with respect to the younger formations on the north. 
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Therefore the original topographic expression of the fault has been 


reversed by differential erosion. This anomalous relation indicates 
that the structure is more complex than is apparent at the borders of 
the mountain (Fig. 4). 

Overthrust relations—The key to the older structure of Call- 
ville Mountain is furnished by Muddy Peaks Basin. Pro- 
nounced doming has affected the western part of the mountain. 
the strata on the sides of the dome dipping at a maximum of 
45. Erosion has stripped the thick Paleozoic beds from the 





Fic. 4.—Portion of the north front of Callville Mountain. In the foreground, 
Triassic sediments are masked by recent waste. Outcrops of Jurassic sandstone 


partly covered by talus near base of cliff. 


summit of the dome, exposing cross-bedded Jurassic sandstone 
beneath. The sandstone forms the floor of an erosional basin, 
which has been divided into two lobes by a faulted tongue of 
Tertiary sediments. Limestone walls rise abruptly around the 
margins of the basin, and are retreating rapidly due to sapping 
of the comparatively weak sandstone beneath. Remnants of the 
limestone, lying almost horizontally, cap sandstone hills near 
the center of the basin. The contact of limestone and sandstone, 
well exposed at many places, is plainly one of overthrust, and is 
essentially parallel to the bedding both below and above. Immedi- 
ately above the thrust surface a breccia has been developed, the 
thickness ranging from a few feet to at least 75 feet. Most of the 
fragments are of limestone, but near the base some pieces of sand- 
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stone are included. The breccia is well cemented with calcium 
-arbonate, and the base is smoothly polished. Above the zone of 
typical breccia the limestone is intensely shattered through a thick- 
ness ranging from 100 to 500 feet. The shattered condition of the 
rock is responsible for the development of numerous grotesque forms 
by the agents of erosion. 

There can be no reasonable doubt that the formation beneath 
the overthrust is the Jurassic sandstone, corresponding to the 
LaPlata group. No fossils have been found in this formation, but 
its lithologic features are very distinctive. The only other for- 
mation in the region that in any way resembles it is the Supai; 





Fic. 5.—View to the northwest across Muddy Peaks Basin, showing remnants 


dark Paleozoic limestone capping hills of Jurassic sandstone. 


and to anyone who has studied the two formations carefully the 
differences are sufficiently apparent to prevent confusion. A thick- 
ness of approximately 700 feet of the sandstone is exposed in Muddy 
Peaks Basin, and throughout this thickness the rock has large scale 
cross-bedding, both straight and tangential; it has alternating 
laminae with coarse and fine grains; and it shows an irregular blend- 
ing of red coloring with gray. All of these features are typical of 
the Jurassic sandstone. 

Extent of the overthrust—It is quite certain that the entire Call- 
ville Mountain mass is included in the overthrust block, although 


‘ 


the actual surface of thrusting is exposed only in the “window” of 
Muddy Peaks Basin. The mountain is a unit in stratigraphy, and 


in all parts the lower beds show the intense shattering which is a 
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characteristic feature in the vicinity of Muddy Peaks. Moreover, 
the unusual relation of older strata to younger along the entire 
north side of the mountain is strong evidence of the unity of the 
block. The known portion of the overthrust plate, therefore, ex- 





Fic. 6.—Devonian limestone, at the north end of Muddy Peaks Basin. A 
thickness of about 600 feet is shown. Gray Jurassic sandstone beneath the overthrust 
appears at the left of the view. 





Fic. 7.—Close view of the overthrust contact. The hammer rests on the Jurassic 
sandstone. Well-cemented breccia lies above the surface of overthrust. 


tends from the west side of the Muddy Peaks mass to Bluepoint, 
a distance of nearly 18 miles, and from Piute Point to the south 
side of White Basin, a distance of 10 miles. It is not possible to 
estimate the original dimensions of the plate. An indication that 
the movement affected a large area is given by the fact that the 
stratigraphic displacement apparent in Muddy Peaks Basin is ap- 
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proximately 9,000 feet, and yet the thrust surface is almost paral- 
lel to the bedding. The portion of the plate that formerly lay 
north of the Arrowhead fault has been removed by erosion, whereas 
on some other sides of Callville Mountain the strata involved in 
the movement have been carried downward by normal faulting. 

Structural features adjacent to Callville Mouutain—North of 
Callville Mountain the Mesozoic rocks form a broad anticline 
with its axis extending slightly north of west. Lateral move- 
nent on the White Basin fault has caused displacement of the 
strata within the anticline, corresponding to the offset in the 
north boundary of Callville Mountain. To the east the fold 
plunges beneath Tertiary sediments, and to the west it dies out on 
meeting a stronger north-south anticline which is overturned toward 
the east. The north-south fold is affected by a strike fault, and 
near Callville Mountain the structure is further complicated by 
overthrusting. An overturned block of Kaibab and Moenkopi 
limestones has been thrust toward the northeast and now lies di- 
rectly on the Jurassic sandstone. The thrust plane dips to the 
southwest at an angle of 60°; but it is possible that its original atti- 
tude was less steep, and that its present inclination is in part due to 
tilting during normal faulting which has affected the block. 

One structural feature south of Callville Mountain deserves 
special mention. Nearly a mile southeast of the Muddy Peaks 
mass an isolated block of Callville limestone forms a prominent 
ridge. The beds dip northwest at an angle of 30°, and on the south 
ide the block is faulted down against Jurassic sandstone. This 
relation, which is similar to that on the north side of Callville Moun- 
tain, suggests that on the south side also the overthrust plate has 
been faulted down against younger formations. To what extent 
this is true cannot be definitely determined, because the Tertiary 
leposits conceal all except small portions of the older rocks. Pos- 
sibly the isolated exposure of Callville limestone is only a local 


feature, with exceptional structural relations. 


DIRECTION OF OVERTHRUSTING 


No striations were found on the polished thrust surface to indi- 
cate direction of movement; but crumpling and minor thrusting in 
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the vicinity of Muddy Peaks Basin suggest that the overthrust plate 
moved from southwest to northeast. Further evidence favoring 
this conclusion is furnished by the strike of the minor overthrust 
north of the Arrowhead fault. Very probably this thrust was asso- 
ciated with the major movement, and had the same general direc- 
tion. Some caution must be used, however, in drawing conclu- 
sions from the present strike of the smaller thrust plane, for it may 
have been changed considerably by the normal faults that cut the 
block. 
GENERAL DEDUCTIONS 

The east side of Callville Mountain is less than 40 miles from the 
Grand Wash Cliffs; and the original eastern edge of the overthrust 
plate was probably much nearer the western edge of the plateau. 
Thus there is evidence of intense compressive deformation near the 
border of the Basin Range region, closely adjacent to a wide area in 
which the effects of crustal compression are practically absent. 
Further evidence of the intensity of the post-Jurassic revolution 
in this part of Nevada is seen in the closely compressed and over- 
turned fold extending north from Callville Mountain. This close 
folding and the overthrusting involve the same Mesozoic strata, 
and therefore may be different expressions of the same general crus- 
tal movement. 

Rowe has reported an overthrust in the Spring Mountain Range, 
40 miles west of the Muddy Mountains, stating that “‘ the Carbon- 
iferous limestone is thrust over the red Mesozoic sandstone.’ This 
description suggests the possibility that the feature is contempora- 
neous with the Muddy Mountain overthrust. It is a noteworthy 
fact that in a large part of the Spring Mountains and in neighboring 
ranges folding is gentle or practically absent. The writer ventures 
the suggestion that detailed mapping may show some of these 
ranges to be faulted portions of a great overthrust plate. Evidently 
the post-Jurassic revolution had a profound effect in at least a part 
of southern Nevada, and further field work may be expected to 


reveal additional evidence of the movement. 


' Quoted by J. E. Spurr, U.S. Geol. Su Bulletin No Sp 













































GROWTH-STAGES OF THE BLASTOID, OROPHOCRINUS 
STELLIFORMIS 


F. A. BATHER, F.R.S. 
British Museum (Natural History), London 


The references to literature are given in the List of the Genera 
ind Species of Blastoidea in the British Museum, 1899. 

Among the specimens entered in that List are some referred by 
Etheridge & Carpenter to Orophocrinus stelliformis (E840 and 
[- 1055), which, however do not agree well with the description by 
those authors or with the original figures of the species, but seem 
to agree more nearly with the form which Etheridge & Carpenter 
distinguish as var. campanulatus Hambach. 

A set of sixteen specimens collected by Mr. D. K. Greger in 
the Lower Burlington Limestone at White Ledge, Marion Co., 
Missouri, and presented to the British Museum in 1918 by the 
late Dr. G. B. Longstaff (E30091—30106), if arranged in order of 
size, shows a complete transition from the campanulatus form to 
the typical stelliformis, the latter being the larger. The dozen or 
sO specimens previously in the museum fit into their places in this 
series. There can therefore be no doubt that the alleged species 
or variety O. campanulatus is merely the young of O. stelliformis. 

Apart from mere size the growth-changes consist in: 

1. An increase in the greatest diameter as compared with the 
height of the theca. 

2. The lowering of the ambitus from a position but little below 
the oral pole to one less than half the height of the theca from the 
base. 

3. A consequent change from a tumbler outline, through a 
bell outline, to a parachute outline, the sides changing from straight, 
or in part convex, to concave, and the summit changing from almost 
flat to flattened-convex or convex. 
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4. With the extension of the ambulacra in length, the radials 
grow outward, and the cross section at the ambitus becomes more 
stellate. 

5. Concurrently the number of ambulacrals (side-plates, etc.) 
increases. 

6. A change in the outline of the ambulacra outside the deltoids 
from broadly lanceolate, through narrowly lanceolate, to the 
characteristic outline of the adult, which is broad in the proximal 
region, then rather rapidly tapering to a region from one-third to 
two-thirds the distance from the proximal end, then narrow and 
gently tapering. 

7. The distal region of the ambulacrum is in all stages depressed 
below the edges of the radial sinus, but the proximal region, which 
in the young is flush with the sinus, gradually rises above it, until 
in the largest individuals it projects conspicuously; and this pro- 
jecting portion increases in length, until it nearly (though never 
quite) attains the distal lip of the sinus. 

8. Concomitantly with the preceding change, the edges of the 
sinus become sharply beveled, and the two beveled faces of 
adjacent limbs of the radials meet in a ridge on the deltoid. 

g. The curve of the side of the theca below the ambitus, though 
described above as straight or concave, is never a simple curve, 
but consists of three parts: (a) the almost vertical sides of the 
basal circlet, (6) the outwardly spreading lower part of the radials, 
which is straight or feebly convex, (c) the part of the radials below 
the lip, which in the young bends outward almost imperceptibly, 
but gradually lies at a sharper angle to region 0, until it is at last 
horizontal. 

ro. The distal parts of the radial above this region c come to 
be marked off from the body of the radial by a vertical depression, 
which at its upper end meets the distal end of the beveled surface 
mentioned under (8). 

11. Various changes of proportion in details are scarcely worth 
setting out, since all follow from the one great change, namely the 
extension of the ambulacra outward, arching upward, and bending 
downward, unaccompanied by equally rapid growth of the other 


elements. 
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It follows from the preceding that such a description as that 
given by Etheridge & Carpenter for O. stelliformis could not apply 
even to all the forms which they themselves labeled with that name. 
Some of the necessary modifications will be gathered from what 
has been said. There are other variations which may be mentioned. 

The deltoids are said to be constricted at one-third of their 
length from the proximal end. In the large E 30091 the measure- 
ments are 4.6/8.4 mm., i.e., more than one-half. In the medium- 
sized E 30099 they are 1.8/3.8 mm., i.e., rather less than one-half. 
In the smallest E 30106 they are 1.1/1.9 mm. 

The anal deltoid is said to have its distal margin rounded. This 
seems to be the case in the two specimens from Burlington registered 
E 841, as also in E 30096; but in most of the specimens the sutures 
are straight, and, even when curved, nearly always meet in a 
decided angle. 

The number of side-plates on each side of an ambulacrum is 
given as fifty, on the authority of Meek & Worthen. It did not 
reach this number in any of the specimens before Etheridge & 
Carpenter. In E1055 the total is thirty-five or less. In those 
registered E 840, the total is forty or less, and in one case twenty 
orless. In E8172a, it is about twenty-five; and in E 8172), about 
forty. In the very young E 30106 from White Ledge, the number 
is about nine. From this it increases to fifty in E 30093, sixty in 
E 30092, and something over sixty in E 30091. In E 842), referred 
to var. campanulatus by Etheridge & Carpenter, the number is 
thirteen or fourteen, and was probably the same in E 482a. In all 
individuals the number of side-plates to 3 mm. is nine or a fraction 
more. 

The ornament, when preserved, as in E 30094, consists, on the 
radials, of the usual growth-lines; these also occur on the upper 
part of the basals, but on their lower part, where the basals form 
a cylinder, the lines are coarse, irregular, and rugose. 

The cover-plates pass right up to the oral pole in E 30099, 
apparently without fusion or enlargement. Since no one has ever 
doubted that they could open on the ambulacra, there is no reason 
why precisely similar plates should not have opened over the mouth. 
Possibly these plates may have fused over the mouth in some 
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individuals, as supposed by C. A. White, Meek & Worthen, and 
Etheridge & Carpenter. In E 30106 they are not preserved, but 
the notches indicating a mobile articulation extend round the peri- 
stone; in so young a form one would not expect these plates to 
have been fused. 

The new material shows no traces of plates covering the anal 
aperture, or of facets for plates of a tube raised above it as suggested 
by Etheridge & Carpenter. 

The horizon of all specimens in the British Museum is given as 
Lower Burlington. I do not find either the species or its supposed 
variety recorded from any other horizon. It would, however, be 
interesting to work out its vertical distribution with more accuracy, 
and to see whether the earlier representatives are closer to the 
tumbler or bell-form of the smaller, and supposed younger, indi- 
viduals in our series; and whether the later representatives are 
closer to the parachute-form of the larger, and supposed older, 
individuals. 
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POSSIBLE SILURIAN TILLITE IN SOUTHEASTERN 
BRITISH COLUMBIA 


FRANCIS P. SHEPARD 


The University of Chicago 
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From the eastern slopes of the Purcell Range, in the vicinity 
Lake Windermere, the view across the deep depression known as 
the Rocky Mountain trench to the Rocky Mountains on the east, 
shows a series of bands of rocks varying in color and running 


roughly parallel to the trench. One of these is a red conglomerate, 
which can be traced almost uninterruptedly for ten miles between 
the Sinclair River and Shuswap Creek, both of which are tributary 
to the Columbia River in the Rocky Mountain trench. The red 
formation was examined in two localities, and in a third a yellow 
conglomerate was found, which is undoubtedly a part of the same 
formation. In the last instance evidence was found which points 
toward a glacial origin of the conglomerate. 
The conglomerate was first studied at Sinclair Springs. Here 
n outcrop of red rock, with a dip of about go”, forms a high wall 
running down one side of the canyon and up the other (Fig. 1). 
Closer examination shows that the rock is not made up entirely of 
red material, but consists of bowlders, which are predominantly red, 
imbedded in a yellow calcareous matrix. ‘The bowlders are lime- 
stone with the exception of a very few pieces of quartzite. The 
limestone varies considerably, having such varieties as purple, 
black, white crystalline, blue with white veins, and gray. The bowl- 
ders are mostly sub-angular and in some cases are as large as four 
feet in diameter (Fig. 2). The material of the conglomerate is unas- 
sorted, and shows no trace of stratification. Two bowlders were 
seen which had polished surfaces. It was difficult to remove the 
bowlders from the matrix, and the exposed surfaces of the bowlders 
were so weathered that any striations they may have once pos- 


sessed have been destroyed. 
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The thickness of the conglomerate is about 200 feet. Against 
it on the east, with apparent conformity, is gray limestone. This 
contains a scattering of pebbles in the portion next the conglomerate. 
Six hundred and fifty feet below the top of the limestone is a bed 
containing fossils of Richmond age. As these beds are vertical, 
the age relations of the conglomerate to the limestone are not 
shown by the structure, but since somewhat older Ordovician faunas 





Fic. 1.—The red conglomerate near the Sinclair Hot Springs 


occur farther east, the conglomerate is known to be 650 feet above 
strata containing the Richmond fauna. Above the bowlder bed 
there is a break in the succession, and above the break is massive 
crystalline limestone in which no fossils were found. Farther west 
there is severe faulting which cuts out further evidence from fossils 
on that side. From the evidence on the east it was concluded that 
the age of the formation probably is Silurian because of the 650 
feet of limestone between it and the fossil bed which represents 
the top of the Ordovician. 
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Two miles up the canyon of Shuswap Creek the southward 
continuation of the formation was examined and found to be prac- 
tically identical with that seen at Sinclair Springs. The bowlders 
are not so large on the average, but are equally angular and un- 
rounded. In two places there are thin lenses of crumpled strata 
included in the formation. Both of these were only a few inches 
thick and did not extend more than 4 or 5 feet before being cut off 
by bowlders. The formation here is 150 feet thick. To the west 
there is crystalline limestone very similar to that found on the 











Fic. 2.—A typical section of the conglomerate. The hammer illustrates the 
size of the bowlders. 
same side at Sinclair Springs. On the east there is a thin bed of 
quartzite, followed by massive limestone. To the south, up Winder- 
mere Creek in the vicinity of the Blue Lakes, there is conglomerate 
in direct line with the red bowlder bed. Here the character of the 
bowlders is quite different, as are also the distribution of the out- 
crops and the type of weathering, but there is sufficient evidence 
to show that the two conglomerates are parts of one formation. 

The formation in Windermere Creek valley is probably 400 or 
500 feet thick and extends along the north side of the canyon for at 
least three-quarters of a mile. It is in the form of an anticline 
plunging to the south, and disappears in that direction. 
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The bowlder bed here consists of a firmly cemented aggregation 
of limestone, quartzite, and shale blocks with a few fragments of 
igneous rocks. Limestone is the most abundant constituent, but 
in some places quartzite bowlders predominate. Many of the 
pebbles and bowlders are distinctly faceted. Many of them are 
polished and some rounded as if by stream action. In some cases 
the quartzite surfaces are so polished as to be dazzling in the sun- 
light. Markings which suggest glacial striations were found on at 
least one bowlder. A large block of quartzite was seen to have on 
its surface a distinct gouge about ten inches long, three inches 
wide, and half an inch deep. A number of quartzite pebbles had 
concave surfaces. Evidence from fossils in the bowlders indicates 
the age of the conglomerate to be younger than Richmond. 

The contact of the bowlder bed with the underlying calcareous 
shale is distinctly seen. The topmost layer of the shale is contorted 
and contains pebbles ranging up to six inches in diameter. They 
undoubtedly came from the same source as the overlying conglom- 
erate and indicate that the shale was soft when the conglomerate 
was deposited. 

The bowlder bed is overlaid to the west by massive limestone, 
with a slight gradation between the two. It is difficult to find the 
contact because it is covered by débris in most places. 

Before considering the evidence that the formation is tillite, 
other possible modes of origin may be considered. Is the con- 
glomerate in question (1) a stream conglomerate, (2) an autoclastic 
breccia, or (3) an undercliff breccia? ‘The size and sub-angularity 
of the bowlders are difficult to explain if the conglomerate is fluvia- 
tile. Such bowlders are commonly found only in the valleys of 
mountain streams. As there is no evidence for a change in dip 
between the underlying and overlying limestone at Sinclair Springs, 
it is very improbable that there was any intervening uplift which 
could have led to the development of mountain streams. Further, 
the gradation between the bowlder bed and the limestone shows 
that the conglomerate could not have been deposited by mountain 
torrents. 

Autoclastic breccias are more or less local phenomena. They 
are generally not confined to one stratigraphic horizon, but are 
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likely to cross bedding planes, while the formation in question con- 
stitutes a distinct horizon traceable for a number of miles. The 
diversity of types of rock among the bowlders in the Windermere 
Creek occurrence is not characteristic of an autoclastic breccia. and 
the thickness of the formation is also against this interpretation. 

Undercliff breccias have angular unsorted material such as 
found in this formation, but the possibility of adjacent cliffs at this 
time is slight, because of the gradation into overlying and under- 
lying limestone, which shows only slight interruption of marine 
conditions. The great continuation of the formation both along the 
range and in a vertical direction (it has a known vertical range of 
more than 3,000 feet) are altogether against a cliff-base origin. 

On the other hand, evidence for glacial action is strong. It 
includes (1) the finding of probable striations, (2) the sub-angular- 
ity of the bowlders, (3) the distinct faceting of some of the bowlders, 

4) the heterogeneous mixture of the bowlders without assortment 
or stratification, (5) the occurrence of grooving and concave faces 
on pebbles, and (6) the occurrence of Silurian tillite in southeastern 
Alaska,’ goo miles away, also is significant. 

Thus it seems possible that glacier ice existed at this period in 
British Columbia and southeastern Alaska. Since there are marine 
deposits on both sides of the formations in Alaska as well as in 
British Columbia, it is possible that the glaciers came out into 
shallow seas in these places. The absence of weathering at the top 
of the conglomerate points to encroachment of the sea before such 
weathering took place. The gradation into limestone in several 
instances in British Columbia suggests that icebergs coming from 
the retreating or advancing ice fronts distributed occasional bowl- 
ders among the limestone deposits. It is not surprising that this 
formation should continue over such great distance without a 
break, when it is considered that sea deposits covered it before it 
could be attacked by erosion. 


tE. Kirk, Amer. Jour. Sci., Fourth Series, September, 1918, p. 511. 
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Source Book for the Economic Geography of North America. By 
CHARLES C. Cotsy. The University of Chicago Press. 1921. 
Even a brief study of this volume shows that it will serve a good 
purpose, for it is a step—and an important one—in the organization of 
material which is scattered so widely that its utilization is out of the 
question for those not in touch with good libraries, and sometimes 
discouraging to those who are. Every student of college grade who 
studies the geography of North America will find the book of great service, 
if not indispensable. The teacher of such students should welcome the 
volume, not as a textbook, but as the basis for a course on the economic 
geography of the continent. He must not expect that the book is to do 
away with his own work, but he may expect it to give him many sugges- 
tions as to methods of procedure and as to sources of material. Intelligent 
use of the book will make it serviceable for courses of various grades of 
advancement, and even for courses with somewhat diverse aims. A good 
feature of the book is that it gives publicity to much excellent material 
published in government reports and largely lost to view by many who 
could utilize it to advantage. 
One cannot help wishing that the book were somewhat fuller, and 
that a well-annotated bibliography had been added. This may come 


with future editions. 


The Malagash Salt Deposit, Cumberland County, Nova Scotia. By 
A. O. Hayes. Ottawa: Canadian Geological Survey, Memoir 
121, 1920. Pp. 24, fig. 1, maps 2. 

Mining development has proved the presence of a sufficient quantity 
of pure salt in this area for the establishment of an important industry. 
The deposit is favorably located with respect to the supply of raw 
material and fuel, and has exceptional advantages for transportation 
either by rail or water. 

Outcrops are not very abundant in the area, but sediments belonging 
to the Mississippian, early Pennsylvanian, and late Pennsylvanian or 
early Permian are identified, and are separated by two marked uncon- 
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formities. The Mississippian is represented by the Windsor series and 
the salt is interbedded with gypsum and shale in this series. The 
Windsor series has been intensely folded and faulted and is now exposed 
on the crest of an anticline where the main workings are located. The 
salt bed is about 75 feet below the surface. A shaft has been sunk to the 
salt horizon and the salt is removed by mining. One bed of rock salt 
over 21 feet thick is already being worked. Sylvite (potassium chloride) 
is present as fairly pure lenses in the halite and probably is a replacement 
of halite. Chemical analyses of rock salt show from 2.5 per cent to 11 
per cent sylvite, and this potassium salt will probably be an important 
by-product from this deposit. Very little is known concerning the 
lateral extent of these salt beds, but since they were formed by the 
evaporation of sea water during the recession of the Mississippian seas 
in Windsor time, they are likely quite extensive. 

The Windsor series is probably much more extensive than formerly 
thought, because limestone in Kings County, New Brunswick, formerly 
correlated with the Albert series, which is unconformable below the 
Windsor series, was found to contain Windsor fossils. A number of salt 
springs occur in the area where these fossils were collected and in other 
localities in New Brunswick and suggest the presence of salt beds in the 
Windsor series of this province, although up to the present no development 
work has been done near any of the springs. 


J. F. W. 


The Limestone and Phosphate Resources of New Zealand. Part I. 
Limestone. By P. G. Morcan. Geological Survey Branch, 
Department of Mines, New Zealand, rg1g. 

This is primarily a discussion in detail of the limestone resources of 
New Zealand, considered particularly in their relation to agriculture, and 
as such is mainly of local interest. The principal features of general 
interest are several excellent plates that illustrate remarkable fluted 
and pinnacled forms developed through erosion by solution. 

As bearing upon the origin of odlitic and pisolitic structures in 
limestone, relations at Kotuku near Greymouth are of interest. Here 
several drill holes, sunk in search of oil, discharge in geyser-like fashion 
salt water highly charged with CO, and dissolved calcium carbonate. 
Che greater part of the CO, at once escapes and, in consequence, abun- 
dant carbonate of lime is deposited wherever the water touches any 
solid object. As the water flows away it forms numerous little balls of 


irbonate of lime, in size and shape resembling marbles. 
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Maps and Sections to Accompany Report on the Geology and Ore- 

Deposits of Meekatharra, Murchison Goldfield. Geological Sur- 

vey of Western Australia, Bulletin No. 68, 1916. Pls. I-XXV. 

The bed rock of the area consists chiefly of amphibolite and other 
varieties of schists, into which numerous granitic masses have been 
intruded. There are also present some extrusives and a few local 
occurrences of Devonian shales, arkoses, and dolomites. The bulletin 
consists of numerous geologic maps and sections, and mine maps for 
the area. 


A. C. MCF. 


Maps and Sections to Accompany Report on the Geology and Mineral 
Resources of the Yilgarn Goldfield. Geological Survey of 
Western Australia, Bulletin No. 1, Pt. III, 1917. Pls. I-XIX. 

The geology as shown on the maps and sections is essentially the 
same as found in the other gold fields of Western Australia, consisting 
chiefly of igneous and metamorphic rocks and a minor amount of sedi- 
mentary. The report includes detailed maps to the scale of one mile to 
the inch, as well as more generalized maps on a much smaller scale. 


A. C. McF. 


The Cambrian and Ordovician of Maryland. By R. S. BASSLER. 
Systematic Report, Maryland Geological Survey, 1919. Pp. 
424, pls. 58, figs. 27. 

The Ordovician and Cambrian are considered together because of 
the continuity of the limestone which forms the top of the one and the 
base of the other. The proposed Ozarkian and Canadian systems are 
not recognized. Three great phases of sedimentation are recognized, 
(1) the Lower Cambrian siliceous phase, (2) the great limestone deposits 
of the Upper Cambrian and Lower Ordovician, and (3) a shale phase 
covering the Middle and Upper Ordovician, the three forming an 
aggregate about 16,000 feet thick, of which the limestones form more 
than half. The first phase mentioned is more or less confined to the 
Blue Ridge, the limestones to the Great Valley and Allegheny Ranges, 
and the shale phase chiefly to the latter. 

The description of formations includes detailed sections, faunal lists, 
discussion of correlations, topographic features, areal distribution, and 
economic resources. In many of them distinct faunal zones are recog- 
nized. There is appended a general faunal list showing the geographic 


distribution of the forms. 
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The part devoted to systematic paleontology contains the descrip- 
tion of some two hundred species and varieties, of which sixteen are 
new. Most of these are figured on the fifty-eight plates. There is also 
a bibliography of Cambro-Ordovician literature. 


A. C. McF. 


Contributions to the Pre-Cambrian Geology of Northern Michigan and 
Wisconsin. By R. C. ALLEN and L. P. BARRETT. The Geology 
of Limestone Mountain and Sherman Hill in Houghton County, 
Michigan. By E. C. Case and W. I. Ropinson. Michigan 
Geological and Biological Survey, Publication 18, Geological 
Series 15, 1915. Pp. 180, pls. 12, figs. 15. 

Part I consists of a number of contributions on the geology of an 
area lying west of the Crystal Falls and Iron River districts, and extend- 
ing south of the Marquette and Gogebic iron ranges to the state line and 
into Wisconsin beyond. The region is a great Huronian interior in 
which the better-known and structually distinct ranges on its north and 
east borders coalesce and lose their identity. The authors are unable 
to say that rocks older than the Huronian are present, but find that the 
irea heretofore mapped as Archaean and undifferentiated pre-Cambrian 
is in reality Huronian. The outstanding feature of the region is the 
presence of an enormous granite mass intruded into the Lower and 
Middle Huronian sediments, constituting a great batholith which seems 
to occupy many thousands of square miles in northern Wisconsin, and 
s represented by outlying remnants in the east end of the Gogebic range 
and southwest and east in Michigan. The contributions consist of the 
descriptions of the geology of a number of districts and ranges, together 
with discussions and some revisions of the correlations of the pre- 
Cambrian rocks of the region. 

An important conclusion arrived at by the authors is that the forma- 
tions heretofore included in the Upper Huronian are separable into two 
groups by an unconformity of the first magnitude. For the upper one 
of the two the name Copps is proposed. 

Part II: Limestone Mountain and Sherman Hill are outliers of 
Paleozoic dolomite found in Houghton County. The stratigraphic 
range is from the Cambrian to the Middle Devonian, including the 
Cambrian Upper Black River, Decorah, Upper Galena, Richmond, 
Niagaran, and Middle Devonian. Belief in the presence of the Devonian 
is based on a piece of float found on the hillside. The structure has 






















86 REVIEWS 


been worked out in detail and includes numerous minor faults. The 
great importance of the work lies in the establishing of the Ordovician, 
Silurian, and Devonian seas in the region. The similarity of the 
Ordovician fauna of this region with that of Minnesota and Wisconsin 
indicates they were all part of the same invasion. Good faunal lists 
are given. 


A. C. McF. 


Maps and Sections to Accompany Report on Contributions to the 
Study of the Geology and Ore Deposits of Kalgoorlie, East Cool- 
gardie Goldfield. Perth: Geological Survey of Western Aus- 
tralia, Bulletin 69, Part III, 1917. 

The gold deposits at Kalgoorlie, Australia, are of two types, the 
gold-quartz veins and the gold-telluride deposits. The bed rock of the 
region outside of some minor metamorphosed sediments consists of 
granite and amphibolite schists. It is with the last-named that the 
gold is usually found. Bulletin 69 consists of fourteen plates showing the 
areal and structural geology of the region. 


A. C. McF. 


Eleventh Biennial Report of the State Geologist on the Mineral Indus- 
tries and Geology of Vermont. By GrorGE H. PERKINS, et al. 
Burlington, 1917-18. Pp. 209, pls. 18, figs. 10. 

The present report consists of a number of contributions by different 
authors on the geology of the state of Vermont. These are as follows: 

I. ‘*Physiography of Vermont,” by G. H. Perkins.—The discussion 
and description of the physiography is given in a popular though thorough 
style. The physiographic history, which is rather complex, is well 
summarized. The mountain areas include regions of complex igneous 
and metamorphic history. Most of the large rivers are old and ante- 
cedent in character. The author believes that most of the lakes of the 
state are glacial in origin. 

II. “‘The Ordovician Terranes of Central Vermont,” by CHARLES 

H. Ricuarpson.—The formations discussed are all pre-Trenton in age 

and include, from base upward, the Irasburg conglomerate, the Mem- 

phremagog slates, and Waits River limestone. A brief summary of the 
geologic history of the state is given. 
III. Post-Glacial Sea-Level Waters in Eastern Vermont,” by H. L. 

Farrcuitp.—Mr. Fairchild describes the post-glacial marine features 


found in the eastern part of the state, thus supplementing an earlier 
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article dealing with the western portion of the state. With regard to 
the crustal movements which such features involve, he states: 

“The earth’s superficial or crustal portion is sensitive to unequal loading, 
or differential pressures, and it appears that northeastern North America 
was depressed by the weight of the long persistent ice sheets of the recent 
glacial time. With the removal of the weight by the melting of the ice body, 
the land rose. The amount of Post-Glacial land uplift, and the area affected 
seem to have been proportionate to the calculated thickness and extent of 
the latest ice sheet.” 

[he article is accompanied by a map representing the approximate 
amount of post-Glacial uplift as shown by isobases. 

IV. “A Report of the Geological Work within the Rochester Ver- 
mont Quadrangle,” by W. G. Foye.—Rochester quadrangle lies within 
the heart of the Green Mountains, midway between the Champlain and 
Connecticut valleys. The structure is rather complex, with the bed 
rock chiefly pre-Cambrian. 

V. “The Terranes of Northfield, Vermont,’ by CHartes H. 
RICHARDSON and SamMueL H. Camp.—The geology of Northfield is 
intricate. The terranes consist of a series of highly crumpled, folded, 
and faulted metamorphic rocks, dipping at high angles and cut by 
intrusive masses. The discovery of Ordovician fossils in the Northfield 
slate quarries and in the limestone and quartzose marbles, has made 
possible the accurate stratigraphic correlation of these beds and con- 
stitutes the most important result of the work. 

VI. “The Terranes of Roxbury, Vermont,” by CHarLeEs H. RIcHarpD- 
soN.—The work here was very similar to that at Northfield, important 
graptolite faunas being found forming the basis for the correlation of 
the beds of the area. The origin of the verd-antique marble, which is 
of commercial importance, is carefully studied. 

XI. “Eruptive Rocks at Cuttingsville, Vermont,” by J.W. EGGLEston. 

The general character of the main body of the igneous rock mass 
indicates that it is a composite stock. The order of eruption found was 
from the more basic essexite through the syenites to the more acid 
nordmarkite. In the complementary dikes the order was reversed, 
tinguaite dikes antedating the camptonite dikes. 

Other chapters are: VII. ‘‘ Progress in Copper Mining and Milling,” 
by E. C. Jacoss; VIII. “Progress in Talc Production,” by E. C. 
Jacoss; LX. “The Lime Industry in Vermont,” by E. C. Jacoss; 
X. ‘‘Additional Corrections to the List of Altitudes in Vermont,” 
XII. “Provisional Report of the Areal and Structural Geology of the 
West Flank of the Green Mountain Range,” by N. C. Date; XIII. 
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“The State Cabinet; XIV. “Mineral Resources”; XV. “Progress of 
Stream-Gaging in Vermont during the Two-Year Period Ending Sep- 
tember 30, 1918”; XVI. “Records of Stream Flow for the Two-Year 
Period Ending September 30, 1918,” by the United States Geological 
Survey in co-operation with the State Survey. 

It may be noted that Vermont led in talc production in 1917, the 
grade of talc, however, being low. In the production of granite and 
marble it leads, and in slate it is second only to Pennsylvania. 


A. C. McF. 


An Annotated Index of Minerals of Economic Value, to Accompany 
a Bibliography of Indian Geology and Physical Geography. 
Compiled by T. H. D. la loucue, M.A., F.G.S., Fellow of the 
Asiatic Society of Bengal. Calcutta: Geological Survey of 
India, 1918. Pp. 490. 

The purpose of the author is to furnish a guide to the literature on 
Indian minerals of economic importance and at the same time to indicate 
as concisely as possible the nature of the information given by each of 
the various writers. These notes (Part Il) are supposed to be used in 
conjunction with the bibliography which forms Part I of the work. 
The minerals are arranged alphabetically, or frequently under group 
heads where they are chemically or economically related to one another. 

A. C. McF. 


The Geology of the Tuapeka District, Central Otago Division. By 
P. MARSHALL, M.A., D.Sc., F.G.S. New Zealand Department 
of Mines, Geological Survey Branch, Bulletin No. 19 (N.S.). 


Pp. 72, pls. 12. 

This report consists of a description of the general geology and 
physiography of the region, together with its various cultural and natural 
features. The formations present include the pre-Jurassic Tuapeka 
series, which, so far as now known, may be of any age between pre- 
Cambrian and Jurassic, and the Waitahuna series of Upper Cretaceous 
and Lower Eocene age, together with some Pleistocene and Recent 
deposits. The Tuapeka series represents deposits of littoral sands and 
muds and the Waitahuna true marine sediments, with some associated 
volcanics. 

The chief economic resource of the region is gold, which occurs 
disseminated in conglomerate beds or as lodes. It is believed to be 
primary in the conglomerate. Other minor mineral resources include 


antimony, copper, cinnabar, and scheelite. 


A. C. McF. 












